Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



I 




tt4;;;g^' 



•^-^ 






>. 



# I 












< 


















'\ 






•\- 



>• 



* \ 



1> 






'^ 



/■,/ 






I- ; ■■ 



<, 






A'. 






M' 



^ 






\ 



\ 



V 

> 



4 J 



x^^ 

'W 



•/ 



> 



..A 






N » 



//- 



/•« 



-^ 



\ 



\^'* 



/ 



^S^ 



•4 






f 



/ * 



•• X 



'I 



/C 



* , 






o 



V 






•,-» 



/* 



t • 



r\ 












s. 



N 






V, 



O 



./ 



/ -> 









V 

V 



< ( 

r 



<.. 



» t 



/■^ 



\ 



/ f 



^ 



/N 






t'. 



*v 






v^'* 



.;> 



* 1 






r-^ 



'N^-' 



4 









-V 



s^ 



v.^ 






V. 



o 



<^>' 

* * 



r^ 



( » 



/ 



V. 









I 






/ * 



i. . 















}' V 



y 






■\ 



*.' 



V^.* 



-"N 



J 









( ^ 



A, 



. ? 



<-'. 



A 



1 • J 






v*^ 



V »', 



r > 






'^1 



/-' 












> 






I 1 






\ 



/■ s 



» » » 



./ 



'O' 



O 






< 



r:- 






, '/ .f ■ 



V 









'-<N 



';', 



> 



\ 



^-.' 

\ 
\ 






--/ 



/, 



> 



k .K, 



s 
V 



/? 



'\* 



^•>^ 



•'A. 



/ 



> 



\ r ■' 












C'. 



i 



^^ 



vV 



'> 



h 



A 



I T 






r- 



v^ 






/ - 












9 


1 






V 






* 




^ 


■ 




'"X 



/ o 



/ 






t^y 






V 






rs 



'/- 



vO 



\^' 



1-, 



>/ 



^S^ 



^, 



/^, 



/O 



\^ 









•^ X 



■/ 






< ; 



-'s 



'A «L 



-*: 



.► tio' 



"^ 






.>S*w? 



:t ■ '» 



ProtMuaul Paper Ho. SS 



-. f B, DMcriptive Qsologj, 49 
""" \ C, SjstMiiitii! 6«olo«T ud 



G, Sjglam&tiii Qtclogj ud F&lgaDtalo^, 70 



DEPARTMENT OF THE INTERIOR 
UNITED STATES GEOLOGICAL SURVEY 

CHARLES D. WALCOTT. DiBECTOH 



THE 



GEOLOGY OF THE PERRY BASIN 



SOUTHEASTERN MAINE 



&EOIIGE OTIS SMITH and DAVID WHITE 



a^^ . 
mi' 




WASHINGTON 

QOVERNMKNT I'KINTINO OFFICE 

100 5 



fi^. 



:] 



r I 



CONTENTS. 



Page. 

Letter of transmittal 7 

Introduction 9 

Explanation of the investigation 9 

Statement of conclusions 10 

Chapter I. Review of literature 11 

Chapter II. Descriptive geology 18 

Conditions of geologic work ' 18 

Older formations 19 

Granite 19 

Age of granite 20 

Silurian strata 21 

Associated lavas 27 

Perry formation .' 28 

Subdivision 28 

Occurrence 29 

General characters 31 

Structure 32 

Chapter III. Paleontology 35 

Plant-bearing localities 35 

Collections studied 36 

Descriptions of species 36 

Age of the Perry formation 80 

Distribution of the species 80 

Correlation 83 

C*hapter IV. Economic geology 86 

History of search for coal 85 

Geologic data 87 

Conclusions 89 

Appendix. Coal in other localities in Maine 90 

Greenfield 90 

Fish River 91 

Other localities 92 

Index 103 

3 






i 



r 






. * 



1- 



*^' 



ILLUSTRATIONS. 



Page. 

Plate I. Geologic map of the Perry basin 18 

II. Fossils of the Perry formation; Platyphyllum, Otidophyton, Dimeripteris, Tseniocrada, 

Barrandeina, and Archaeopteris •. 94 

III. Archseopteris 96 

IV. Rhachiopteris, Paleeostachya, Barinophyton, Oarpolithes, and Lepidocystis 98 

V. Psilophyton 100 

VI. Leptophlceum, Lepidostrobus, Sporangites, and Psilophyton 102 

5 



7 



A 



\ ] 




!f*r 



fill 



f - 



LETTER OF TRANSMITTAL. 



Department of the IxTERiORf 
United States Geological Survey, 

Washington, D. C, May 27, 190^. 

Sir: I have the honor to transmit the manuscript of a report on the geology 
of the Perry basin, in southeastern Maine, by George Otis Smith and David White, 
and to recommend its publication as a professional paper. 

This report embodies the results of an investigation of alleged coal deposits, 

made in cooperation with the Maine State Survey Commission. While from an 

economical standpoint the results are entirely negative, they are none the less 

important and are of great scientific interest. 

Very respectfully, 

C. W. Hayes, 

Geologist in Charge of Geology. 
Hon. Charles D. Walcott, 

Director United States Geological Survey. 



THE GEOLOGY OF THE PERRY BASIN, IN SOUTH 

EASTERN MAINE. 



By George Otis Smith and David White. 



IXTRODUOTIOK 

EXPI.ANATION OF THE INVESTIGATION. 

The geologiq examination of the Perry district, in southeastern Maine, was 
undertaken at the request of the Survey Commission of the State of Maine. During 
the 1902-3 session of the Maine legislature an effort was made by petitioners resident 
in Washington County to obtain from the State an appropriation of $10,000 for coal 
exploration. The resolve proposed contained a proviso necessitating an additional 
contribution of $5,000 by individuals or corporations interested. The $15,000 thus 
procured was to be expended in drilling for coal at the most promising localities. 
The resolve failed to pass, but the Maine Survey Commission decided that the 
same results could be accomplished by the expenditure of a small portion of the 
general appropriation for geologic work in cooperation with the United States 
Geological Survey. 

The authors were detailed by the Director of the United States Geological 
Survey to make the investigation of the Perry region, under the direction of the 
Maine commissioners, for the purpose of determining the possibilities of the 
occurrence of coal in commercial quantities. As will be shown later, the region is 
especially favorable to geologic work, and a ten-day reconnaissance yielded data 
upon which definite conclusions can be based. These conclusions are presented in 
this paper, together with observations incidentally made that have a bearing upon 
the general geologic problems of the region. It is believed that the results thus 
obtained in answer to the inquiry as to the occurrence of coal are even more definite 
than those which would have been reached by the expenditure of the proposed 
appropriation in extensive drilling operations. 

In the preparation of the report the observations and deductions of both authors 
have been used, but Chapters I and III have been written by Mr. White and 
Chapters II and IV, with the added descriptions of other localities visited, by 

9 



10 



GEOLOGY OF PERRY BASIN, SOUTHEASTERN MAINE. 



Mr. Smith. A preliminary statement of the I'esults was submitted to the Maine 
Commission August 5, 1903, and published by it in the daily press of the State 
on the following day^. 

8TATEMBXT OF CONCIiUSIOXS. 

In this paper it will be shown, regarding the geologic relations, that — 

1. The Peny formation, consisting chiefly of brownish conglonuTatcs and 
interbedded lavas, lies in irregular areas in marked unconformity on carlii r 
formations, the youngest of which is probably of a date not later than i\w oMcst 
Devonian. 

2. The formation is estuarine and was rapidlj' deposited, the niatorijil> Ij^inif 
derived, without long tmnsport, from rocks immediately adjacent to thc^ ar* a of 
deposition. 

3. The lower beds of the formation are more coarselv and niassivolv lonoloni- 
eratic toward the north, and the higher beds are accompanied b\' a lar^nM- piopoi tion 
of intrusive rocks. 

4. Since the deposition of the Perry beds there has ])oen no vory niark^'d 
folding and but slight alteration of the sediments, though minor faultin^,^ and >(»inr 
cutting by intrusives have occurred. 

6. The lavas of the Perry formation are basic as ronipart d witli tli()>r ut 
Silurian age, which are of a I'hyolitic type. 

6. The age of the formation is distinctly Devonian, and piohaMy (iKMnuMir. 
Regarding the occuiTence of coal it is found that — 

1. The strata of the formation, which are exposed in exceptional < oni]>l(t(Mi( 
bear no evidence of the pi'esence either of any seam of coal, cd' what ever tlii( kne 
or of any of the usual and more or less characteristic arrompaninicnt^ of coal N('ani>, 
such as old soils, Stigmaria clays, leached plant shales, etc., there iMin^ i,o tia* e> of 
even carbonaceous or black-shale beds or partings. 

2. The fossils show that the rocks are of up])er Devonian atr*'. i. e.. ih.ii they 
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were laid down in a period earlier than the deposition of any coinnniciallx uj 
coals yet discovered on any continent. There is therefore no ha^i^ w hah \ < I'fc 
hope of finding usable coal in any of the concealed ptirts of the IN ny f<n ni:ii 

3. There are no rocks of coal-bearing ago under the INiiy format inn? 
youngest of the remaining Paleozoic rocks of the n^^^ion. hencaih^VT i'J y^Mi! ijoirf ^iiii 
the Perry formation, are far more ancient than the ro(k- (tf ilit 
The last drill prospect is shown to have passed through the IN' !| 
the lavas of Silurian age. 

4. The reports of coals do not, when investigated, con Hi 
foregoing conclusions. 
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CHAPTER I. 
REVIEAY OF LITERATURE. 



By David White. 



The vicinity of Perry has perhaps attracted more attention on the part of 
geologists than any other portion of eastern Maine. The presence in the Perry 
basin of the youngest Paleozoic rocks yet definitely determined in the State, the 
relative proximity of this basin to the coal fields of Nova Scotia and New Bruns- 
wick, and the lithologic resemblance between the rocks of the basin and those 
associated with the coal measures lying farther northeastward are conditions which, 
since the earliest, geologic explorations in the State, have combined to excite 
interest in this region as one favorably situated for the occurrence of coal. The 
researches were therefore carried on chiefly with an economic motive. 

Geographically and structurally the Perry basin is most closely bound to southern 
New Brunswick. Accordingly we find its geologic features compared with those of 
that Province, its formations having been included by the Canadian geologists in 
their discussions of the upper Paleozoic axis of the Bay of Fundy, with which the 
Perry basin is continuous. 

As early as 1836^ Dr. Charles T. Jackson, in the service of both Maine and 
Massachusetts, published numerous details of the geology of eastern Wash- 
ington County, including descriptions of the eruptives and red sandstones and 
conglomerates about Perry. The sandstones, described as extending along the St. 
Croix River from Indiantown to Liberty Point, in Robbinston, were identified as 
belonging to the coal formation of New Brunswick and Nova Scotia, though, as was 
explained, until the sequence should be traced across from the Grand Lake (New 
Brunswick) coal field it remained impossible to fix their exact position with reference 
to any coal beds assumed to be near. The term '*New Red sandstone '' was applied* 
to some of these beds along the St. Croix River, and they were correlated with 
the older Mesozoic of Connecticut and the gypsiferous and coal-bearing series of 

a First Rept. Geol. Public Lands, State of Maine: Mass. S. Doc. No. 89, March. 1837, pp. 11, 12, 18. First Kept. Geol. 
Maine, 1887, pp. 17. 18, 97. 

b First Rept. Geol. Maine. 1837. p. 97. 
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Nova Scotia. On the basis of this supposed identity of formation Professor Jackson 
recommended the exploration, by boring or otherwise, for coal, which, if present, he 
thought should be found between Pembroke and the St. Croix. He says: 

" From the observations which we have been able to make it will appear that the 
sandstone here described is a continuation of that which exists in New Brunswick 
and in which the bituminous coal of the Grand Lake is probably contained. It will, 
however, be impossible for me to speak positively on this subject until I have visited 
that district, for no survey of the region has ever been made. It is, however, an 
undoubted fact that the sandstone in question is identical with the red sandstone of 
Nova Scotia which contains gypsum, salt springs, and coal. In a subsequent 
excursion around Lubec Ba}' we found a salt spring, which issues from the soil near 
the junction of this sandstone with the argillaceous limestone rock, above the Lubec 
lead mines. The New Red sandstone rests directly on the transition limestone at 
Pembroke. It occurs also at Red Head, Nutters Point, where it is of an exceedingly 
fine texture and will serve perfectly for the manufacture of hones and fine grindstones 
for delicate tools. 

" If coal really occurs in this sandstone, it should be found between the village of 
Pembroke and the St. Croix River. In the present state of our knowledge of the 
country it is impossible to say more respecting the occurrence of coal in this section. 
It not unfrequently happens that some members of the coal series are wanting, which 
may possibly be the case here. It is, however, worthy of exploration, and by boring 
through this rock in a few places the question may be settled at little expense to 
those who may enter on the task. 

" Should no such operations be carried on before the next year, I hope to bo 
allowed to extend my researches to the known coal regions of New Bi'unswick, on 
the Grand Lake, when more light may be obtained on this important subject. 
The numerous irregularities to which our coal measures are subject render it difli- 
cult, if not impossible, to trace them without the aid of immediate comparisons of 
one section with another. No geological observations would imply that the red 
sandstone in question should not contain coal; for if it should be found equiva- 
lent to the New Red sandstone formation of Europe, it will belong to the upper coal 
series. The occurrence of a salt spring at its junction with the limestone appears 
to favor this supposition."^ 

The same views are implied in Doctor Jackson's second report* as State 
geologist, made in 1838. Nevertheless, as will be seen later, the correlations on 
which he based his hope of developing a coal field in this basin, and which were 
accepted by Gesner, the geologist of New Brunswick, were entirelj' false and 
misleading. 

For a score of years following the close of Doctor Jackson's surve}^ the litera- 
ture, so far as it concerns the Perry formation, relates chiefly to the classification 
and age of the coal- or copper-bearing red sandstones of North America. This dis- 
cussion was participated in by the most eminent American geologists of the period. 

a First Rept. Geol. Maine, 1837, pp. 17, 18. 

6 Second Ann. Rept. Geol. Public Lands of Maine and Massachusetts, Boston, 1838, p. vili. 
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In 1851 Jackson, though insisting that the red sandstones overlying the Silurian 
in Maine were of the same age as those in the Connecticut Valley or in New Jersey, 
suggested « that all of the deposits in question might belong in the Silurian system. 
This proposition was promptly combatted by Agassiz, who urged* that the verte- 
brate remains of the New Jersey red beds should not be regarded as older than the 
Trias. 

In 1859 the current of opinion as to the age of these rocks was turned from a 
later to an earlier age, apparently by a fossil plant. In that year Prof. W. B. 
Rogers laid before the Boston Society of Natural History^ "specimens of the sup- 
posed coal-bearing rocks of Maine, in which was an impression closely resembling 
Cycloteris liihernica^ so common in Great Britain." Professor Newberry concurred 
as to the affinities of this species, and Professor Rogers was accordingly of the 
opinion that the Perry beds were to be correlated with the '^Kiltorcan" (Devonian 
or '^Ursa," but regarded by him as lower Carboniferous) of Ireland, the "Albert 
shales " of New Brunswick, and the Pocono coal-bearing series of the Appalachian 
region, all being referable to the lower Carboniferous. Later he was disposed to 
regard the Perry beds as upper Devonian, or transitional to 'the Carboniferous. 
About the same time Jackson stated*^ that, although at first disposed to consider the 
Perr}' beds as " N6w Red" or Triassic, he had since come to regard them as 
Devonian, since he had traced the red sandstones from Perrv to Trescott and 
Machias, where they rest on beds of Silurian if not Devonian age, but that " fossils 
recently discovered seemed to indicate that his first conjecture, that these rocks are 
Triassic, was well founded." This was followed by a reiteration on the part of 
Agassiz ^ that the red sandstone of southern New Brunswick was Triassic, additional 
proof being cited in the form of a Calamites supposed by him to be close to the 
Triassic Rjuiseticm cohannare. 

In the meantime shafting and boring had been carried on in the Perr}- basin in 
the search for coal, and the careful scrutiny of the rocks had led ro the discovery* of 
additional fossil plants. Accordingly, when, in 1861, Prof. C. H. Hitchcock entered 
upon his duties as State geologist of Maine, he called to his aid, in the determination 
of the vexed Perry question, the services of Prof. J. W. (later Sir William) Dawson, 
who had already begun the publication of his valuable series of papers on the 
Paleozoic floras of northeastern America. Hitchcock's report-^ contains the most 
accurate and detailed description of the geologic features of the basin that has ^^et 
appeared, though, as in previous reports, the Perry sandstone was not in all areas 

aproc. Boston Soc. Nat. Hist., vol. 3, p. 335. 

Mx)C. cit., p. 337. • 

f Proceedings, vol. 5, pp. 86, 170, 398. • 

dLoc. cit.. pp. S90-398. 

c T»c. cit., pp. 357, o98. 

/Sixth \nn. Kept. See. Maine Bd. Agric, Angusta, 1861 (1862), pp. 247-257. 208. 
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distinguished from the red shales of the Silurian. The most important part of this 
report, however, so far as it relates to the prospect of finding coal in this basin, is 
that giving the results of Dawson's study of the fossils and enumerating or describing 
seven species of fossil plants found at Perry. In view of the character and distribu- 
tion of these species Dawson unqualifiedly asserted his conclusion that the beds were 
of Devonian age, thus confirming his previous views, which were almost simul- 
taneously published,^ but which had been based on a smaller amount of material. 

The conclusions, accompanied by paleontological evidence, first set forth by Sir 
William Dawson, met prompt and general acceptance at the time by Hitchcock* and 
others, though more precise correlations were not given until later, when, as 
additional material was discovered and the distribution of the species was better 
known, his comparison of the Perry flora became more exact. Thus, in Dawson's 
next papers^ on the subject, in the following year, he refers the Perry beds (esti- 
mated at 1,300 feet) to the upper Devonian and correlates them with the upper 
member of the "St. John Series" and the upper Devonian of Gasp^. In the next 
year Dawson^ had recognized 16 forms in the Perry flora, which he correlated as 
before, while cautioning explorers of this region 'Hhat these rocks strikingly resem- 
ble in their mineral characters the lower Carboniferous red sandstones and conglom- 
erates of some parts of Nova Scotia and New Brunswick, and also probably Mesozoic 
*New Red sandstones' of these Provinces." 

These words of Dawson reflect his embarrassment in correlating the relatively 
unaltered Perry beds with the lithologically strikingly dissimilar and somewhat 
metamorphic St. John beds, or " fern ledges," lying farther northeastward in the 
same basin at Lepreau and St. John, along the Bay of Fund}^. This difficulty 
seems to disappear when he concludes* that the beds at Perry "may belong to a 
Devonian horizon somewhat higher thaa that of the St. John beds, and that this 
may possibly serve to account for their comparatively unaltered condition." He 
reiterates, however, that "the flora of the Perry beds is precisely equivalent to 
that of the upper Devonian of Pennsylvania and New York, and quite distinct 

I -- — ^ I -■ _—■-■■■■■■ ^— . — ■ ■ _ , ■ ■■ 

a On the pre-Oarboniferous flora of New Brunswick, Maine, and eastern Canada: Canadian Naturalist, vol. 6, June, 1861, 
pp. 172-175. The collections studied by Dawson were those of the Portland Society of Natural History and a collection 
made by Mr. Richardson, of the Geological Survey of Canada. 

b Proc. Portland Soc. Nat. Hist., vol. 1, pt. 1, 1862, pp. 7&-78. In this paper Professor Hitchcock points out the fact that 
the paleontologipal equivalents of the Perry beds underlie the lower Carboniferous of the Bay of Fundy region, and he 
calls attention to the consequent conclusion that the Carboniferous does not occur in Maine, and that " we need no longer 
expect to find beds of coal in Perry." 

c On the flora of the Devonian period in northeastern America: Qturt. Jour. Geol. Soc. London, vol. 18, November, 
1862, pp. 296-830, pis. xii-xvii; reprinted in part. Am. Jour. Sci.,2d ser., vol. 35, 1863, pp. 311-319. Descriptions of new 
fossils: Second Ann. Rept. Nat. Hist, and Oeol. Maine, 1863, pp. 402, 404; reprinted in Proc. Portland Soc. Nat. Hist., 
vol. 1, pt. 2, 1863, pp. 99, 100, pi. ii. 

d Fyrther observations on the Devonian plants of Maine, Gasp4, and New York: Quart. Jour. Geol. Soc. London, vol. 
19, November, 1863, pp. 458-469,pIs. xvil-xix. Acadian geology. 1868, p. 513. 

«The fossil plants of the Devonian and upper Silurian formations of Canada: Geol. Survey Canada, 1871, pp. 6, 
11, 68, 71, 85. 
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from that of the lower Carboniferous," and in his table ^ the sandstones about 
Perry are put opposite the Chemung of New York and the upper Devonian of 
Gasp^. 

The difficulties met in reconciling a Devonian correlation of the Perry beds 
with the great section near St. John adopted by the New Brunswick geologists as 
typical of the Devonian for the southern part of their province seems to have 
increased as the stratigraphic studies of Prof. L. W. Bailey, Dr. G. F. Matthew, 
and Prof. C. F. Hartt'were carried along the Bay of Fundy to the shores of 
Passamaquoddy Bay. In the same year in which Dawson's report, just mentioned, 
was printed we find Bailey and Matthew* placing the "Perry sandstone group" 
*'at or near the base of the lower Carboniferous," although, since at Perry and 
St. Andrews they contain Devonian forms of vegetation, it was thought that they 
might be of earlier date than the lower Carboniferous of the Kennebecasis Valley. 
This reference we find reaffirmed in 1880 by Bailey, Matthew, and Ells, who, in dis- 
cussing the outlying deposits on the shores of the Passamaquoddy Bay, explain that^ 
" these are interesting as containing in their lower portions fossils of a Devonian 
type, while the beds themselves are uncomformably superimposed upon the true 
Devonian, and otherwise possess the characters of the lower Carboniferous rocks." 

The second part of Dawson's Fossil Plants of the Eiian and Upper Silurian 
Formations of Canada appeared in 1882,* and among the more exact correlations 
contained therein we again find the Perry beds placed at the top of the Devonian, on 
a level with the ^^JRterichthys heds'^^ of Scaumenac, New Brunswick. This con- 
clusion was unqualifiedly stated in all of Sir William's later references to the Perry 
formation.* Nevertheless, the stratigraphers of the Canadian Survey seem gen- 
rally to have decided that the stratigraphic tracing of the beds admitted no 
doubt as to the identity of the Perry with the lower Carboniferous of the Bay 
of Fundy basin, to which it is very closely similar lithologically; and we find 
the Perry formation mapped as lower Carboniferous by the Geological Survey of 
Canada on the detailed geologic sheet embracing this portion of the international 
boundary/ 

An important paper relating to the Perry formation was published by Prof. 
N. S. Shaler in 1886, under the title "Preliminary Report on the Geology of the 
Cobscook Bay District, Maine." ^ This paper is devoted chiefly to the lithology, 
stratigraphy, and fossils of the rocks, which he classifies in four groups, three 

a Foes. PI. Dev. Upp. Sil. Form., Canada, p. 11. 
b Geol. Survey Canada, Rept. for 1872, p. 200. 
c Geol. Survey Canada, Rept. for 1880, pp. 12D, 16D. 
dQeol. Survey Canada, for 1882, p. 113. 

« See Geological History of Plants, 1888, p. 107; also. Geology of New Brunswick, Nova Scotia, and Eastern Canada, 
1891, Suppl., p. 73. 

/Geol. Survey Canada, Province of New Brunswick, No. 1 S. W., 1880. 
Am. Jour. Sci., 3d ser., vol. 32, pp. 35-60. 
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of these being below the Perry group, the highest of the latter, the Cobseook, 
including dark sandstones and shales ("Moose Island Black shale"), prol)al>ly 
approximately of the date of the "Ohio" ["Hamilton"] shale. These groups aro- 

1. A basal series, of unknown -thickness, consisting of gneissoid, s3'onitic, aiul 
granitic rocks and some mica-schists, probably of Laurentian age. 

2. The "Campobello group," comprising dark greenish, grayish, siliceous. 
and argillaceous rocks with very little lime and no fossils, over 4,000 feet tliick. 
to be compared with the Cambrian. 

3. The "Cobscook series," not less than 4,000 feet of more or l(v^s alt< r^d 
sandstones, shales, limestones, ash beds, and intrusives, carrying at points C lintoii, 
Niagara, lower Helderberg, and middle Devonian (?) fossils. 

4. The "Perry series," over 2,000 feet of coarse, red oongloiiMM-atos anJ 
sandstones unconformably deposited, of upper Devonian or lower ( {ii'l)()nitt'n)us 
age. 

The structure of the basin and the erosion intervals between the nioups aiv 
discussed at some length, though the red Silurian does not seiin at all jx.int^ to 
have been distinguished from the Perry, which, with its coarse, wd saiKUtmn-. 
conglomerates, and reddish shales, estimated as certainly over 2jmio feit in tliK k 
ness, he regards as a shore or estuarine deposit distinctly unconfornial)!!' on the 
older groups. . 

Professor Shaler adds: 

"If the lower part of the section at Perry should turn out to lu^ uj)j)er 
Devonian or sub-Carboniferous, as seems not improbable, thm the < viilenee \vill 
be to the eflFect that a period of erosion occurrec^ in the interval h«t\\e(ii the clo-e 
of the middle Devonian and the formation of the Peny 1m'(1>. Ihi^ i> e*>|)(>eiall\ 
interesting, as it would seem to show that this portion of the <-oiitiii( ni ua^ alM)v.' 
the sea during a part of the Devonian or of the snh-C arboniti rou^ period." 

In the Cobscook group, which is next Ixdow the Peny uionp. Shaler 
recognizes four faunas: A lower HelderlxM;^", at Orange Hay; a laiiiKi 
related to the Clinton or Niagai*a, at Dents Point: a XiaL^ara taimi. m .n y^jj^i 
ville, and the fauna of the "Moose Island Black shale>.*' for whirli \\^^ ? 
middle Devonian age. For the latter correlation the at^c e\ id( nee, wlil h i^ 
merely circumstantial and lithologic, does not appear -ullirii ni 
logical evidence on which these age determinations were ha-i 1 \\:;* 
sidered in a later part of this paper (p. 22). In a foot not* ' i hi 

" It may be incidentally suggested that the conLilonieratf -i 
Perry series should be compared with the (U^po>it-> of ih< - (o? 
Hudson district." 
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Finally, it is interesting to note a conclusion regarding the Perry group more 
recently presented by Prof. L. W. Bailey, in a paper ''On some Relations between 
the Geology of eastern Maine and New Brunswick," wherein the following state- 
ment is made:^ 

"In its fossil flora, so well described by Sir William Dawson, its aspect is 
undoubtedly Devonian, but to the other rocks of that S5'8tem, as seen only a few 
miles to the eastward, along the New Brunswick coast, it bears no resemblance 
whatever, while, both in the nature of the beds and in their relations to the subja- 
cent formations, it does bear much resemblance to the rocks of the lower Carbon- 
iferous system which spread so widely over other portions of the province. For 
this reason it was, in the survey reports and maps, represented as a part of the last- 
named system. On the other hand, however, it differs from the latter in the total 
absence of the marine limestones and gypsiferous beds usually found in connection 
therewith, and in this respect approaches more nearly a group of coarse sediments 
skirting the shores of the Bay des Chaleurs, which have been there shown to be 
unconformably overlapped by the lower Carboniferous or Bonaventure rocks. It is 
probable that in both instances these coarse red beds, though true Devonian, are to 
be regarded as representing the most recent portion of that system, and like the 
Catskill group of New York, which they nearly resemble, constitute a transitional 
series between the two." 

It is thus seen that the conclusions of Professor Bailey and the suggestions of 
Professor Shaler are in substantial agreement with the correlation first proposed by 
Sir William Dawson, notwithstanding the consequent difliculties involved in the 
correlation of the supposed Devonian and lower Carboniferous rocks along the Bay 
of Fundy between the St. Croix River and St. John. 



a Trans. Royal Soc. Canada, vol. 7, sec. 4, 1889, p. 60. 
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CHAPTER 11. 



DESCRIPTIVE GEOLOGY. 



By George Otis Smith. 



CONDITIONS OF GEOIiOGIC WORK. 

The natural conditions in this coast region may be said to favor ^oolotric* nuippini:. 
It is true that in the interior portion of the area outcrops may not he evm vwIick' as 
numerous as the geologist might desire, although in our rapid tniv(Mse of the prin- 
cipal roads the rock exposures were found to be sufficicMitly abinidunt to serve the 
purpose of the reconnaissance. Yet the coast line is here ehanieterized by a vrvy 
extensive development of deep indentations and projectin*,^ peninsulas, and aloni; the 
most of this complicated shore line the very strong tides of Passania^juoddy and ( \)h<- 
cook bavs have been effective in sea erosion. Thus sea cliUs hav(^ lu'en < arved that 
expose large faces of rock, and in these and in the outlyint^*^ stai k>. led*:! >, and reefs 
the rock strata can be easily studied. At the base of the dills the rock is in ])lae(^s 
swept clean by the tide, so that it is often possible to study contacts oi* (like< in botli 
horizontal and vertical sections. 

These favorable conditions prevail espeeially alon<( the wotcin s|un-c of St. 
Croix River, where the Perry formation is exposed. T\\n> tlic conchisjnn^ n:i( hrd 
concerning the stratigraphy and structure of this formation are for the nr<.-t pair 
definite. Rarely is the geology of an area so easily r<a(i and the pr«)l.l( mi-^' "^ 
investigated so readily solved. 

In this reconnaissance of the Perrv district the ureatei i)ari i»f the tin? 

•■•-■-t l 

devoted to the Perry formation itself. The shore section wa- ( ait iijl\ Mir*iiri|^ 
Red Beach as far as the highwax' bridge at the nortlnM-n en<l <>l ^M^^i^-l-niil^ 
western and northern limits of the area of Perry ro( k> nnci^jj;^ 
mately by road traverses, and at the same tuiw the roc k- 
which the PeiTy sediments had been deposited were <>h->ci)^ 
extending as far west as Pembroke. For the purpose^ of ol )t a i f j 
18 
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DESCRIPTIVE GEOLOGY. 19 

of the Perry formation the adjacent parts of New Brunswick were also visited and 
the sections exposed there were studied. In short, the work was planned so as to 
obtain as much information as possible regarding the stratigraphy, structure, and 
age of the Perry formation. The older rocks were studied chiefly in their relations 
to this formation, although some other observations will be recorded in this paper, 
because of their importance in the interpretation of the geology in other parts of 
the State. 

OliDER FORMATIONS. 

The rocks older than the Perry formation are of three classes — the granitic 
rocks, the Silurian sedimentary strata, and the associated volcanics. These will be 
described briefly, since some knowledge of them has proved to be essential to the 
solution of the question under discussion. Especially is this true of the Silurian rocks 
lying directly beneath the Perry conglomemte, from the fact that coal prospectors 
have sometimes failed to recognize these as older than the formation in which they 
hoped to find coal. 

GRANITE. 

Granitic rocks extend along the St. Croix River from near Calais to Rob- 
binston. At Devils Head there are prominent exposures of granitic rocks. On 
the northwest slope of this promontory several types of igneous rock occur. In 
the same quarry opening light-pink granite and a dark-gi'een rock are exposed 
in parallel sheets. The former is granite of the normal type, containing only a 
small proportion of biotite, while the latter has the composition of granite, but 
contains larger amounts and greater variety of the darker constituents, pyroxene 
being probablj^ present with the hornblende and biotite. Some masses of coarse 
diabase also occur at this locality and the relations indicate a complex intermixture 
of several distinct intrusions of plutonic rock, which may, however, represent a 
common magma. 

Farther south, at Red Beach, the granite is uniform in both color and texture. 
This granite is quarried extensively and the product of the Red Beach quarries 
has an excellent reputation in the market. Its attractive red color^ fine grain, and 
even texture are qualities that fit it for the best work, since it takes a high polish. 

In the town of Kobbinston the red granite is slightly diflferent in character. 
It is of even finer grain, and quartz, orthoclase, and plagioclase constitute almost 
the whole of the rock. In the specimen collected here a slight amount of 
chlorite represents the ferromagnesian constituent, which was probably biotite. 
In texture it approaches graphic gmnite, the quartz not being a younger constit- 
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Fossil imerUbrates collected at Leightons 
Species. 
Lingula sp. 
Orbiculoidea sp. 
Stropheodonta ? 8p. 
Chonetes cf. hudsonicus. 
Dalmanella cf. planiconvexa. 
Dalmanella cf. subcarinata. 
RhyDchotrema formosum. 
Camarotcechia sp. 
Trematospira cf. simplex. 
Orthonota ? sp. 
Nucula? sp. 
Avicula cf. communis. 
Modiolopsis ? sp. 
Tentaculites elongatus. 
Cheirurus sp. 
Beyrichia sp. 



Cotr, }fe. 

Reported rang'e. 
Cambrian-Recent. 
Ordovician- Recent. 
Silurian-Devonian. 
"Becraft." 

Lower IlelderlxTg-Orinkany. 
Lower Helderl)ertr. 
Lower H elder! )erg. 
Ordovician-Carl)<>nitV rolls. 
Lower Helderberp. 
Silurian-Carboniferous. 
Silurian-Recent. 
Lower Helderber^. 
Ordovician-Jjower HelderlnTir. 
Lower Helder]>erj?. 
Ordovician -Silurian. 
Ordovician-CaHKUiiiVrnuj^. 



It is the opinion of both Doctor Kindle and Professor Willijims that thrre aif 
not among them "any purely diagnostic Clinton or NiaofJira spocics, aiul tli(>UL:li 
the orthids and strophodontas and some other things nw siiniiar to Niauara t'orm<, 
they are closer to the eastern type of Lower Ilelderher^ s|HHi('s ol" the sanir 



"a 



genera 

From the material from Whitings Bay (station l44o) PiotVssoi William 
provisionally lists the following 36 species: 

Species collected at Whitings Bmi, .^f' . 



Species. 
Receptaculites infundibuliformis Eaton. 
Zaphrentis sp. 
Spirorbis ep. 

Comulitea cf. serpularius. 
Monomerella cf. ovata var. lata, 
l^ptaena rhomboidalis. 
Stropheodonta cf. Beckii. 
Stropheodonta planulata. 
Stropheodonta cf. varistriata. ♦ 

Stropheodonta ? sp. 
Chonetes cf. hudsonicus. 
Dalmanella cf. i)erelegans. 
Dalmanella cf. su])carinata. 
Rhvnchotrema formosum. 
Uncinulus mutabilis. 



aLetterof May 12, r.»<M, t«» I»r. I . U . ^rnw^ 




Low tT 1 Icli Icrl Hf'j. 
Siliiriaii-( ";M"lH»iiii.r' »n<. 
I'alt'i '/.< 'ir-lic«'rrit. 
( >r<lMvi(iaii-Silut i;iii. 
< in»'lj.l 

Trt'iitnii-" \\'ar-:i\\ 
Low rr' I lr|(irrl>«>f_ 

L< >w cr I 111. I< t I >' I •_ 
Lt tW rl II'" i.. 'vT • ._ 
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Species. 
Atrypa reticuJaris. 
Spirifer cf. octocostatus. 
Spirifer cf. perlamellosus. 
Trematospira cf . eimplex. 
Nucula ? sp. 
Tellinomya n. sp. 
Cypricardites d. sp. 
Ambonychia cf. aphtea. 
Conocardium ? sp. 
Avicula cf. communis. 
Cyrtolites sp. 
Cyclonema sp. 
Loxonema cf. Fitchii. 
Tentaculites elongatus. 
Hyolithes sp. 
Cyrtoceras my rice. 
Oncoceras cf. ovoidee. 
Proetus sp. 
Calymene sp. 
Dalmanites cf. micmrus. 
? Fish teeth. 



Reported range. 
Silurian-Devonian. 
Lower Heldcrberg. 
Lower Helderberg. 
Lower Helderberg. 
Silurian-Recent. 
Ordovician-Low^er Helderberg. 
Ordovician-Devonian. 
Niagara. 

Ordovician-Carboniferous. 
Low^er Helderberg. 
Cambrian-Carboniferous. 
Ordovician-Devonian. 
Lower Helderberg. 
Lower Helderberg. 
Cambrian-Carboniferous. 
Lower Helderberg. 
Lower Helderbei^. 
Ordovician-Devonian. 
Ordovician-Siluriau. 
Lower Helderberg. 
Silurian-Recent. * 



This list, in the judgment of Professor Williams, contains about the same num- 
ber of diagnostic Lower Helderberg species as were given by Professor Shaler. 

The single species which Professor Williams reports from Sewards Neck (Station 
1447) is called Modiolopsis cf. undulostriatiis^ a Niagara fossil which, he remarks, 
"is a form that might occur higher." 

Professor Williams appends the following very important and interesting corre- 
lations and observations: 

"Although the species listed from these three localities are not the same 
throughout, Mr. Kindle and I agree in thinking them to be younger than typical 
Niagara and more intimately related to the Lower Helderberg fauna of New York 
and the interior than to any other fauna of the country yet reported. 

"There are many species among them which in general characters have both 
Niagara and Lower Helderberg representatives, with neither of which they exactly 
agree, but critical comparison favors the Lower Helderberg correlation. 

"The MoixoinereUa (No. 5 of the Whitings, list) is very close to the Guelph 
species M, ovata var. I<ita Whiteaves,^ from Durham, Ontario, Canada. Two spec- 
imens are in the collection from Maine. In both the Durham, Canada, and the 
Cobscook, Me., localities, this species is associated with Cyrtoceras myrice. 

"It is also important to note that no truly diagnostic Niagara species have been 
detected after careful search. This distinguishes the fauna from that reported from 
North Haven, in Penobscot Bay, and from each of the faunas of Aroostook Count}', 



a Pal. Foss. (Canada), vol. 3, pt. 1, p. 6, pi. vlii, fig. 2a. 
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Me., which have been referred to the Niagara, namely, 'Aroostook limestone,' 
'Graptolite shale,' 'Sheridan sandstone,' 'Ashland' shales and limestone," each of 
which has shown some true Niagai*a species. 

"On the other hand, although the species are not the same throughout, there are 
enough common forms to associate these Cobscook formations with the ' Squaw Lake 
limestone' and 'Chapman sandstones' in Aroostook County, and with the *St. 
Helens beds' of Canada, as all belong to approximately the same general place in the 
time scale. The Cobscook faunas seem to me to be somewhat older than the t ypi(*al 
Lower Helderberg taken as a whole, and particularly older than the other tbr«M' 
eastern faunas above named." 

In his preliminary list of the fossils collected by Professor Shaler from Moose 

Island Professor Williams makes no distinction as to the two or three localities. 

The species enumerated are as follows: 



Species collected at Moose Island, Me. 



Species. 

Lingula cf. ligea. 

Orthis 8p. 

Camarot<£chia sp. 

Atrypa reticularis. 

Spirifer ? sp. 

Cyrtina ? np. 

Nyassa subalata. 

Modiomorpha cf. subalata var. 

Murchisonia sp. 

Beyrichia sp. 

Professor Williams writes: 

"The Moose Lsland fauna is very perplexincr, as it conta 
as I am able to see, can be taken as absolute cvideiKc of 
reported are all long-i*anging Paleozoic forms, and on ac n 
the beds it is impossible to establish with certainty th(^ >imm 
them. We have identified Kijassa suh<thtf(f and a Lnxm 
very common fossil as ModUmiorpha Huhalatd, Tlasi^ air al 
I think the fauna is probably Devonian, I would not h«' ^i 
careful studv and on the discoverv of more s])e< ie^, that it 
visionally, and until further study and full eo!npari>on ( 
Scotia, English, Welsh, and European faunas, the tir^t tl 
related with those of the earlv Lower Helderberg tini(\ ai 
probably be assigned to middle Devonfian time, its exact hoi 

It will be seen that Professor Williams's opinion re^ai 
on Moose Island differs to an important extent from thai^J 
on the very small collections which were made by th«' \\ i 



Reported niiiKe. 

Middle-u])])er IVvoiiiaii. 

C)r(l()viciaii-Carl>oniiVr"iiH. 

( )r<l()vi('iaii-( 'arl x )nih'i'( ni>. 

Siluiian-I>(.'V<tiiiaii. 

Siliirian-CarlMinifcron^. 

Siluriaii-( ar)M»nitcrniis. 

Ilaiiiilton. 

Hamilton. 

Cani) 
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aWilliams, H. S., and Gregory. H. E., Contributions to geol(>j,'y Maine: Bull. r. -, 
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Moose Island, but which probably represent, in part at least, the same series of 
rocks. 

.The rocks in which the faunas from the three localities first mentioned were 
collected were grouped together by Professor Shaler and termed the '*Cobscook 
series," while the rocks supposed by him to be Devonian are named the "Moose 
Island series." Messrs. Bailey and Matthew earlier described^ these same rocks, 
under the name of "Mascarene series," which was believed to measure about 2,000 
feet in thickness. 

As stated above, the Perry formation at the northern end of the basin is in 
contact with the granite; at the southern end it overlies strata that are believed to 
belong to the "Cobscook series" of Shaler and the "Mascarene series" of Bailey 
and Matthew. Closely associated with these sedimentary strata are volcanic rocks 
which will be described in a later section. 

Inasmuch as no sections of the Silurian rocks were measured or carefully studied, 
only a general description of them can be given here. On the northern part of the 
Pleasant Point peninsula the more important members of the sedimentary forma- 
tion are dark-gray flags, which usually show ripple marks and contain abundant 
impressions of bi^achiopods. Shales and fine-grained impure limestones also occur in 
this section, while similar rocks were observed on the western shore of the cove 
west of this peninsula. The geneml strike of these rocks is N. 26^ to 80*^ E., and 
their dip is northwest, at angles ranging from 35^ to 75°. 

On Birch Point, on the north side of Cobscook Bay, similar ripple-marked 
flags, shales, and impure limestones occur, striking N. 30° E. and dipping 30° 
to the north. 

In the western part of the area described in this report is a considerable 
thickness of purple shales, extending from the head of Sipp Bay westward to 
Pennamaquan River at Pembroke, where they are succeeded by dark, fossiliferous 
slates and sandstones. The belt of purple shales extends a mile or two up 
Pennamaquan River, and the shales are remarkably uniform in character where- 
ever seen and show a fairly constant dip to the northeast. Professor Shaler 
provisionally^ assigned these purple shales to the Perrj'^ formation, apparently upon 
the basis of color and relations to the beds of the Cobscook series.* Bailey and 
Matthew^ describe the same rocks, but place them in the next to the uppermost 
division of their ''Mascarene series." That these shales belong to the pre-Perry 
formation is indicated both by their areal position and stratigraphic relations to 
the fossiliferous strata at Pembroke and on Cobscook Bay and by their lithologic 
differences from the Perry rocks. In the Perry section there are no shale beds 
that can be compared with these, the thickness of which Shaler estimates as over 
1,500 feet. The purple shales are finer grained than the Perry rocks, have 

aQeol. Survey Canada, Rept. 1872, pp. 144-158. f> Am. Jour. Sci., 3d ser., vol. 32, 1886, p. 49. eOp. cit., p. 167. 
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a different color, and, moreover, show slaty cleavage, a structure not observed in 
any of the shaly beds in the Perry section. These purple shales do not come 
into contact with the Perry formation, but dip beneath a mass of volcanic rocks 
that underlie the Perry formation. Interstratified with these volcanic rocks, 
however, is a bed of similar purple shale, which lies unconformabl}' beneatli the 
Perry rocks. From these considerations it is believed that the purple shales nUo 
are to be included in the series regarded as Silurian. 

A small number of invertebrate fossils were collected bv the writers in H'Or. 
from several localities in the vicinity of Perry. All these fossils, with the oxcoplion 
of a few fragments from Mr. Farnsworth's yard at West Pembroke, come from 
the Moose Island series, which, as we have seen, is regarded by both Shalor iiiul 
Williams as probably Dev^onian. These small collections were placed in the liands ^}, 

of Mr. Charles Schuchert, curator of paleontology^ in the United States National '[T 

Museum, who has submitted a report upon them as follows: . ,1 

"1. Carlow Island, St. Croix River, Maine: •} 

*'Lingulasp. new. 

" Whiteavesia sp. new. 

**Bollia near B. Clarkei. 

''Leperditia of the L. alta type. 

**Beyriohia, two species, one of the B. Kludeni ty{)e. 

" By thocypris, probably two species. 

*'This fauna is unmistakably Siluric and beneath the IleldcrlKMizian. A> ail of 
the species appear to be new, no direct comparison can he made witli A])])ala( liian 
and Interior faunas. In general the aspect of this fauna roininds one of (he Medina 
and Manlius; and while it certainly is not so low as tln^ fornii 1 . ii docs not apj)eai 
to be so high as the latter. Provisionally it should he n^feired to tlie Nia^^aran j 

(i. e., Rochester shale and Lockport limestone of the Interior). a< it has nothing in -^1 
common with the Helderbergian faunas of the Col)scook retiion. 9H 

"2. Inlet south of Little River, 2 miles from Perrv villai:(\ Me.: ^ 

" Lingula sp. new. jH 

'^ Whiteavesia sp. new. ^^^M 

'^Modiolopsis sp. undetermineil. • x'j^fi^^l 

^^Apparently the same horizon as at Carlow Island. '^n^^^^l 

^'3. North end of Moose Island, 3 miles north of Ka^tpoit. Me.: -^^^^^^1 

" Psiloconchoid pelecypod. W^^^^^l 

" By thocypris, probably the same species as tlie one inini.l ;it ( ar I ^u I : -^^^^^ -^^ ' ^i^l^^^^^H 

'^Beyrichia, species restricted to this locality. -. "StlHBtA v.». ' '-t*fi^^^^^l 

"This fauna has nothing that can be certainly i dr n t i t i < -i i rjiC^;iirg!?'iTl:.gj^|£lB^^lT^^^W 
Island, and vet its characteristics are Siluric. It i)roi)aM\ i \ '^^ WM'h^ii!m^m!m^ ^!^?^Kin 

of Carlow ^^^^^^^^^^K^^^^^Ki 

"4. A. 8. Farnsworth's 3^ard, West Pembroke. Me i^^^^^^^^^^^^^^^^HI 

^'Brachiopod, possibly a rhynchonelloid. '^^^^^^^^^^^^^^^^^^^^B 

"Age uncertain, possibly Siluric. ^^^^^^^^^^^^^^^Br^Si 
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" 5. Pleasant Point, 4 miles northeast of Elastpoi-t, Me. : 

** A email, distorted, and poor bivalve; may be modiolopeoid." • 

Although it is possible that none of the localities mentioned above are repre- 
sentative of Professor Shaler's collections, and consequently are not in the lists given 
by Williams, it appears probable that the specimens from localities Nos. 1, 2, 3, and 
5 are derived from the "Moose Island series," as defined by Professor Shaler. The 
testimony of the stratigraphy, so far as observed by the writers, as well as the 
correlations made by the Canadian geologists, tend to confirm the assignment of 
the series to the Silurian. 

No attempt has been made to represent on the geologic map the exact distribu- 
tion of the Silurian sti*ata. They are intimately connected with the volcanic rocks, 
and detailed study would be necessary to work out the structure. It is sufficient 
for the present purpose to observe that wherever these rocks are in contact with the 
Perry formation the relations are seen to be unconformable. 

ASSOCIATED LAVAS. 

A large proportion of the rocks in contact with the Perry formation are of 
volcanic origin. In part these are closely associated with the Silurian sediments, 
but elsewhere the lavas predominate. Doubtless these pre-Perrj'^ lavas may include 
several types, but only those occurring in the southern part of the town of Perry 
were examined. 

South of Gleason Cove these volcanic rocks are exposed both in the railroad cut 
and along the shore. Two types were recognized in the field, the dark, compact lava, 
exhibiting flowage texture, and the breccia, in which fragments of similar lava can 
be seen. Later microscopic study has verified this recognition of the rocks as of 
volcanic origin and has shown them to be of rhyolitic composition. Quartz and 
orthoclase are sporadic constituents in the rhyolite, and the fluidal texture in the 
glassy base, now for the most part devitrified, is conspicuous. In the brecciatcd 
phase of lava, fragments of clear glass afe included in darker glass. This rhyolite 
has special interest because of its connection with the drill core mentioned in a later 
portion of this report. Some coarse agglomerates are associated with the rhyolite. 

Farther south, on Carlow Island, there is a red porphyritic rock which appears 
to be interbedded with the sedimentarv strata. This rock extends around the north 
end of Moose Island to the toll bridge. When examined microscopically it is found 
to be in large part a spherulitic lava. The spherulites are much altered and brightly 
colored with a red pigment, probably oxide of iron. Quartz occurs in large grains 
inclosing the spherulites, while what was probably orthoclase, now altered, forms 
phenocrysts at the center of a few spherulites. Another phase of this red rock is 
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found to be fragmental and composed of angular particles of quartz, ortboclase, 
plagioclase, and ^pherulitic lava. 

In the rough and hilly region southwest of the village of Perry more spherulitic 
lava is associated with a purple shale. The spherulites are readily seen on thc^ 
weathered surface of the pinkish rock. Under the microscope this rock is scon to 
be a fine type of spherulitic lava. The spherulites exhibit both radial and zonal 
structures, and the radial crystallization, in the interior at least, is primary, while 
the fine quartz and feldspar mosaics in the outer zones may be possibly of secoiuhirv 
origin. There are also some fragments of pink glass, with delicate trichitos. 

These rhyolitic lavas were termed "reddish felsite" and "felsite porphyry * hy 
Shaler, and their occurrence was described by him as that of extrusive Hows with 
associated dikes. These "felsites" were assigned by Bailey and Matthew to the 
''Mascarene series," forming division 5 of that series. In addition to rocoonizini: 
the pre-Perry age of these rhyolitic lavas, which is most conclusively shown hy 
the pebbles found in the Perry conglomerate, it is only necessjiry to cjill :itt<'ntion 
to the marked differences l>etween these rhvolites and the liivtis (hvscrihod jati i :i< 
included in the Perry formation. 

PERRY FORMATIOX. 

SUBDIVISION. 

The Perry formation as exposed in the towns of Kohhin^ton and Pen v 
divisible into four members. Two of these members con-^i^t ot >o(liiiHntai y >tiaia. 
while the other two are interbedded lavas and asso<'ijit((l \<>lfani( l>io((ia. Tin 
•section mav be described thus: 

Membern of Pern) fin'tmition. 

Upper lava: Green lava with columnar parting' a n«l ainy^^lal.'i.l.ii tixiur 
of conglomerate and sandstone. 

Upper sandstone: Coarse red and brown Handst(»iu' an<l con-jlt'iiicrai.-, with -'i.;!.! aiuMuin 
shale. Includes one flow of lava near base. 

Lower lava: Basaltic lava and breccia. Includes one ihin 1m. 1 ni mnjl..!! .tat, n. a: 

Lower conglomerate: Coarse conglomerate and red ^aii.l-t'»ii« . witli ihin ...U..! ^an i"ii? 

The thickness of these members can not 1m' ({(tinildv jivcu. IIk 
member is evidently the thickest, but prohal)ly it< tlii( kfu -^ ^iJLlii' - ron^jd^ itl'i55 
in different parts of the area. As will bo noted lat«'i. th* v^iiiiiiisi^^^jinih iit- .u 
largely shore deposits, so that the distance from the xniKaj^ 
control largely the thickness of the beds. In the ra^r <' 
the different lava flows give the impression of hvw^ \^ 
thickness than might be expected. The faulting in x\\v ->:> 
of course precludes any comparison of thickness in the ditj 
section. 
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OCX3URRENCE. 

The rocks of this formation are exposed continuously along the shore from 
Mill Cove, in the southern part of Robbinston, to Gleason Cove, in the town of 
Perry. A smaller area of the same formation occurs farther south in Perry, on 
the shoi-e of Bar Harbor, at the northern end of the highway bridge. Another 
outlier of these rocks occurs on the shore in the northern part of the town of 
Robbinston. 

As shown on the geologic map, the area covered by the Perry formation is 
about 8 miles long and about 2i miles wide at its widest part, its total area being 
about 15 square miles. The Perrj- rocks occur on the opposite shore of St. Croix 
River, at St. Andrews, and their occurrence farther west on the Maine coast was 
reported in the early surveys. The Perry area, however, is doubtless ot most 
importance, not only on account of the flora it has yielded, but also because the 
formation is apparently more fully represented here than farther east. 

The lower conglomerate member occupies the larger part of the area here 
described. The northern outlier of Perry rocks is north of Hilchins Point, a 
connected tongue making up the shore of Brooks Cove. In the northernmost 
portion of this outlier the Perry conglomerate occurs with a dip of 20^ to the 
southeast, while just north of Hilchins Point the conglomerate and sandstone have a 
northern dip of 30^. The basal beds here and at Brooks Cove are coarse, and at the 
latter locality especially the conglomerate exhibits its derivation from the red 
granite of the vicinit}'; the bowlders of that rock predominate, and the matrix is of 
an arkose character. 

In the larger area the conglomerates predominate in this lowest member, but it 
appears to be true that the beds are of somewhat finer material in the southern part 
of the area than in the northern. The sandstone beds are massive and resist well 
the attacks of the waves, so that a high cliflf is a characteristic shore feature. 
Pulpit Rock is a noticeable mass of red sandstone standing out at a little distance 
from the cliflf, and was pictured in the atlas accompanying Jackson's first report. 

Throughout the shore section the rocks of this lower member are characterized 
by their red color, which varies from a bright brick red to a chocolate brown, 
although the brighter tints are possibly the more common. While this red color is 
so marked a feature, it can not be regarded as a safe criterion for the recognition of 
the Perry formation. The Perry sandstones and conglomerates share this color 
with older formations, from which they have been derived. So it is that at a short 
distance the red granite and lava underlying the Perry conglomerate in Robbinston 
or on the shore of Bar Harbor closely resemble the Perry rocks. The shore 
detritus from these igneous rocks that is seen along St. Croix River often can not 
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be distinguished from that derived from the disintegration of the red sandstone 
or conglomerate. Moreover, this close resemblance is not fortuitous, since in tlie 
deposition of the Periy rocks it was in fact exactly similar shore detritus from 
the red granite and lava that made up the bulk of the sediments. The rocks of 
the Perry formation, therefore, are red because they were largely derived froiiu 
red rocks, under conditions that allowed relatively little change in the detritu> 
contributed to the basin of sedimentation. 

The Perr}^ rocks exposed on the St. Andrews Peninsula, on the New Brunswig k 
shore, appear to belong to this lowest member of the formation. It is evident, l)()\v 
ever, that here the sandstone and shale are more important than the conglonurati . 
Such differences in the character of beds of approximately the saino iige are to )u' 
expected in the case of a formation like the Perry, which consists essentially of shon* 
deposits. The Perry rocks occurring in small areas at other points on the shores ot 
Passamaquoddy Bay probably all belong to this lowest member. 

The next higher member of the Perry formation is that termed the lower hiva in 
the table on page 28. This volcanic member is exposed from Gin Cove to a ^liort 
distance beyond the next cove south. ^ These same rocks are also exposid on tin' 
shore about half a mile north of Gleason Cove. These rocks arc plainly of \<)1< ani( 
nature, the member including sheets of both lava and })reccia. The lava oxhiMis all 
the characteristics of a surface flow and the succession of Wows and sluMts of lurin ia 
make a striking contrast to the stratified sediments ])eIo\v. I'ho Nolcanic rork^air 
evidently conformable with the sedimentary sti'ata both ahovc :in<l lulow; at one 
place a thin bed of typical conglomerate occurs, interstratiti«vl w idi tln' lava tlow>. 
and at another some fine-grained red shale occurs, noticrahlr ^in<r it is hss arena 
ceous than any beds farther north. Thus the voleanir inmifMi- rrpicMnts simplv ai 
interval in the deposition of the Perr}' sediments, proimhly nuly of ^liort duiation. 
when the lavas were erupted; and the occurrence of the thin eonnhniH'iaic ^hou- 
that this outbreak constituted only a partial interruption <>f \\ir pKncv^, 
sedimentation. 

The lavas constituting this volcanic; nieniluM- tire (lill« rent fr(»iii ihr ^ilTi?*"* 
lavas described earlier in this chapter. ThePeirv la\a> aj)p« ar niih h fr. >rr.' 
are more readily recognized as the products of vol(aiii( action. Ndi omv ri,.g:;ii,T 
lack the metamorphism of the Silurian roeks, hut they air ..k ^u dithniii 
The lava exposed in the vicinity of (Jin Cove is a {>ii 1 1 >v>' ^^W Bi'l4"?; ' • M-v-iiM^iJir^ 
microscopically it is found to consist of plat^iocla-r in 
large ophitic plates. Dark reddish brown i(l(lin;^-ii< 
represents grains of olivine, which nmst have Immii an 

aThe name Gin Cove is applied on the uceompanyiiiK niai) t<» tli<- <(>v« l. 
not agree with the eoa«t chart, on which this natue is Kiveii to tin- inxt ("X < ^^ ir > 
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the fresh lava. Magnetite i.s also abundant. With the exception of this alter- 
ation of what was probably olivine, the basalt is fairly fresh for a Paleozoic lava. 

The upper sandstone member conformably overlies the basaltic rocks just 
described. This division of the Perry formation is exposed on the shore north 
of Frost Cove. Its lowest bed consists of conglomerate and coarse sandstone 
about 50 feet thick. Above this is a sheet of volcanic rock about 30 feet thick, 
which is undoubtedly a lava flow, as the rock is compact and shows imperfect 
parting in its lower portion, while above it is amygdaloidal and exhibits flowage 
textures. It is followed by a number of beds of sandstone and conglomerate. The 
sandstone is for the most part thin bedded and the beds are not always contin- 
uous for any distance. Small amounts of shale occur interbedded with the sand- 
stone. Some of the sandstone is stream bedded, and in such rock it is noticeable 
that the flow of the cuiTents depositing the sand is shown always to have been from 
the northwest. At the top of this upper sandstone member is a conglomerate bed 
6 to 8 feet in thickness. 

The upper lava member is exposed for a short distance south of Frost Cove and 
constitutes the remaining portion of this section of the Perry formation. This lava 
is dark green in color and apparently similar in composition to the basalt of the lower 
member, but it is not so compact, and possibly may be more andesitic in character. 
Some phases of the rock have a decidedly muddy appearance and may represent 
flows containing considerable f ragmental material. The lava exhibits both columnar 
parting and amygdaloidal texture, so that it is readily recognizable as a volcanic 
rock. At one point this volcanic member includes a few feet of conglomerate and 
red sandstone, showing again how intimately connected were these volcanic outflows 
with the processes of sedimentation, the one interrupting the other only for brief 
intervals. On this account the subdivision of the Perry formation into these four 
members is somewhat arbitrary, and is helpful only as it serves the purposes of 
description. The representation of these four subdivisions on the geologic map 
makes it possible to indicate the general structure of the area. 

GENERAL CHARACTERS. 

The above descriptions of the rocks of the Perry formation are believed to be 
sufficient to indicate the general characters of the rocks in which the search for coal 
has been prosecuted. The more impoilant question of the age of this formation is 
reserved for another chapter of this report. 

Two principal facts should be emphasized in the description of the Perry 
formation, namely, the difference in character of the sediments in the several parts 
of the area, and the absence of carbonaceous or clayey beds in the section exposed. 
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The changing characters of these Perry rocks is an evident expression of the 
conditions of their deposition. The greater distance of the Gleason Cove locality 
and St. Andrews Point from the main source of supply caused conglomerate beds 
at these places to be thinner than at places farther north and west. At this greater 
distance the sediments consisted largely of sands and silts that formed the sand- 
stones and sandy shales now exposed. These sediments were well sorted, and so 
active were the shore currents that plainly at no time were the conditions such as to 
favor the accumulation of fine mud or vegetal matter. It is not altot^othcr 
surprising, therefore, that fine clays or coaly shales are wanting in the sections of 
the Perrv formation. 

Still another important fact remains to be mentioned, and this pertains to the \ <»1 
canic members of the Perry formation. The lavas interbedded with the sedimentary 
rocks of this formation differ altogether from the lavas associated with the Silurian 
strata. These two groups of volcanic rocks may have some points of j^^eneral 
resemblance, but to the close observer they appear quite distinct, and their [xtro 
graphic dissimilarity is especially evident when they are studied niiei()scoj)i( all\ . 
The distinction between the Silurian rhvolite and the Perrv basalt is so niark< d that 
there is no possibility of failure to identif}^ each whereviM* found. This fa< t wa- 
recognized in the field and its application to the purposes of this investjoatioii \\ III 
be noted in a later section. 

STRUCTURE. 

The geologic map well exhibits the structure of tlie P« i ry ha-in. In Licmral ii 
mav be stated that the rocks of the Perrv formation an^ «»iil\ "rndv in. HikhI. i:. to 
20^ being the maximum dip except for a short distance noith of ( iha^oti ( \)\v. Low 
dips are also characteristic of the Perry rocks as exposid on ihr m. Anln'w> shon . 
The general statement may be made, therefore, that the mck^ (.f (hi«> loimation aiv 
only gently flexed. 

The areal distribution of the four nunni^Ms which arr di-iiinjiii-hiMl on th*- 
geologic map serves to show the general form of the ha^jn m) fai a- the Main. ; -i iIm ^; 
is concerned. It is reall}' onh' the western part of the i>a-in that i- pK -( i \ . ; . i (;^i'^ 
southeastern shore of Maine. Other edges a n» foimd on the NCw Ii: im^wirk ''*j 
but the central portion is beneath the waters of I'a^-ania-inodd". p»a\ . li ;'^ j^i 
probable, however, that the greater part of the formaiion i- i. jj^iv^i nh -i 
western part of the basin. The smaller area of Peii y ^and-i 
in the southern part of the town of Perry, has h)\\ dip-, a 
rock exposed here shows that outliers of this formation ni 
farther southwest, and these may later he found to < on:..: 
Machias area of red sandstones described in the earl\ M 



M. 



i i 



t 



,f 




I 

PKRRY FORMATION. 88 

The heavy sandstones of the Perry formation are plainly jointed. In many 
places the vertical joint planes have been taken advantage of by surface waters 
and deep chasms have been thus eroded. These breaks in the cliff are (conspicuous, 
but are plainly the product of erosion, there being no displacement of the strata 
on either side. In some cases wave erosion has combined with the work of surface 
rivulets and considerably enlarged these openings. Pulpit Rock was probably 
separated from the main cliff by erosion of this type. 

Faulting has played some part in the development of the structure. In the 
southern part of the area two faults were observed and their positions are indi- 
cated on the map. These faults both have a general east-west trend, and while 
definitelv observed at the shore, their extent farther west was not determined. 
Their extension, as shown on the map, is based upon observations as to the dis- 
tribution of the rocks. As may be noticed on the map, two marked offsets in 
the basal boundarv of the Perrv formation are in line with these faults. No 
evidence of faulting was noticed at these offsets and the suggestion is offered 
that in passing westward the faults l)ecome sharp monoclinal flexures, which find 
expression in the sharp bends in the Perry-Silurian contact. 

The more northern of the two faults brings the upper lava member on the 
north in contact with what is probably the upper sandstone member. The fault 
plane is vertical and the sandstone, which shows a normal dip to the southeast 
at an angle of 20-^, is sharply upturned until it is vertical or even slightly over- 
turned "at the contact with the lava, which is itself disturbed at the line of con- 
tact. These relations show the downthrow to be on the north side of the fault, 
but there is no reascm for believing the displacement to be very great. 

The other fault strikes N. 70^ E. and brings what appears to be the lower lava 
in contact with the lower conglomerate member. Here again it does not seem 
probable that the amount of displacement is great, although there are evident 
indications of disturbance in the vicinity of this fault. The sandstone strata 
immediately south of the fault have been thrown into sharp folds, and the axes 
of the folds nearest the fault have a trend parallel to that of the fault plane. 
A minor svncline next to the fault is overturned and at the fault contact both 
sandstone and lav^a are crumpled and crushed. 

Further evidence of the disturbed character of this south side of the main 
syncline is found in the continuance of the steep dips along this shore as far as 
the mouth of Little River. Here the sandstone has a dip of 50^ to the north, 
while on the opposite shore of Gleason Cove the more prevalent dip of 20"^ is 
observed. 

10325~No. 35—05 3 
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Other plant remains, consisting for the most part of fragments of stems such as 
have generally been referred to P^ihjffiyton^ are found at various places in the nioro 
southern outcrops, while fragments of alga3 are not rare in the less conglomeratir 
beds along Little River and near the fault north of Gleason Cove. 

COIiliECTIONS 8TIPI>IKI>. 









The task of restud^ing the old as well as the new collections, necessary to a *\^ 

critical examination of the evidence as to the age of the Perry hed-^, ha> Imh u 
v^ery difficult by reason of the unfortunate dismemberment and disi)ersal of the 
earlier collections, which included many of the types. It is believed, howovei . that 
in the preparation of the following descriptions the greater part of the Pimmv 
material existing in our American museums has been passed in view. SpiM ia 
acknowledgments are due the officers of the Portland Society of Natural Hi>tory. 
to Dr. E. O. Hove}' and the American Museum of Natural History, to Pn»f. C. 
W. Johnson and the Boston Societv of Natural Historv, and to Di-. R. T. Jac k-on 
and the Museum of Comparative Zoologj" of Harvard Fniversity for mvuckmi-Iv 
placing at my disposal the fossil plants from Perry in thes(» institntion>: al- > t 
General Manager Evans of the Maine Central Railway, and Mr. rlac kM)ii linjwn. 
of Perry, for the contribution of specimens more rtHcntly « olhctcd oy tin- latitr. 
We are also particularly indebted to Prof. D. P. Penhallow. of M((iill lUivcr-ity. 
Montreal, for his courtesy in placing in my hands for ( xaininaiion and comiiari-ci! 
typical Psllophytou material from the university rollcction- -tudird and lain Icil 
by Sir William Dawson. 

I>KSCKIPTIOXS OF SIM '.(IKS. 

On account of the generally very fra^^i-montary nature of tlx- fo-^il niatciiid- 
and the equally fragmentary literature on Dcvoiuan plants the d(->( ripiion- an i 
s3monymy in the following section are somewhat (K'tailcd. a innnlur of tin .jm( in!. »- 
being .described individually in order that tliex^ iar«» Devonian t\ |t<-^/ m r.y|; 
which are at best difficult of interpretation, may Im- moic ar( nraiclx m- \\^; 
more frequently recognized and identified. 

Concerning the botanical relations and striuturr of many v^ 0' ^^ 1'" "isj 
period we have little knowledge. Yet many of tin' fraLiniriir 
or problematic fructifications reveal superticial f«'atun'< :«"d^ 

* « 

which distinguish them from the plant types of other l:,uJ 
render them characteristic of the period. 
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T^ENIOCRADA D. White. 

Kept. State Paleont., New York, 1902, p. 603. 

TJ5NIOCRADA PALMATA D. W. 

PI. II, Fig. 10. 

Frond small, spreading broadly palmately from the apex of a slender, rounded 
stipe, deeply dissected, nearly to the base, in divisions 2-3 mm." wide, which fork 
repeatedh^ and somewhat divaricately at a moderate angle, at intervals of about 
5 cm.; lobes fleshy, smooth, rapidly diminishing in width at each dichotomy; 
central strand or axis indistinct. 

The alga described above is essentially characterized by the palmate arrange- 
ment of the rapidly dichotomising lobes at the apex of a stipe. In the spec- 
imen figured, n. II, Fig. 10, the stipe is concealed for a short distance, when 
the cleavage of the rock shows its continuation to a length of 3 cm. on the 
opposite side of the shale fragment. The lobes appear to have been somewhat 
crowded or fasciculate in the middle of the frond. As indicated by the smooth 
surface of the impression and a slight slickensiding near the base, the lobes were 
probably fleshy. In the basal portions there are faint signs of axial strands, but 
these become indistinct on passing upward. It is possible, however, that better 
preserved specimens will show this plant to possess well-developed axial strands, 
thus removing all doubt as to the reference of the species to the genus 
Tii^rnocrada. 

The specimen comes from just east of the fault west of Gleasons Cove, near 
the mouth of Little River. 

PLATYPHYLLUM Dawson. 

Foss. PI. Brian and Upp. Sil. Form. Can., pt. 2, 1882, p, 101. 

Platyphyllum Browmanum Dn. 

PI. II, Figs. 1, 2. 

1862. Cyclopteris Broicniana Dawpon, Rept. Nat. Hist, and Geol. Me., 1861, p. 250, fig. 6. 

1862.. Cyclopteris Broivniana Dn., Hitchcock, Kept. Nat. Hist, and Geol. Me., 1861, p. 248. 

1862. Cyclopteris Broivniana Dawson, Proc. Portland Soc. Nat. Hist., vol. i, pt. 1, p. 77, pi. i, fig. 3. 

1862. Cyclopteris Browniana Dawson, Quart. Jour. Geol. 8o4\ London, vol. xviii, p. 320, pi. xii, fig. 9. 

1863. Cyclopteris Brotvniana Dawson, Am. Jour. Sci., 2d ser., vol. xxxv, p. 313. 

1863. Cyclopteris Broimiana Dawson, 2d Ann. Rept. Nat. Hist, and Geol. Me., 1862, p. 403. 

1863. Cyclopteris Browniana Dawson, Proo. Portland Soc. Nat. Hist., vol. i, pt. 2, p. 100, pi. ii, fig. 5. 

1863. Cyclopteris Broumii Dawson, Quart. Jour. Geol. Soc. London, vol. xix, p. 463, pi. xvii, fig. 0. 

1871. Cyclopteris Broivnii Dawson, Foas. PI. Dev. and Upp. Sil. Can., p. 46, pi. xv, fig. 172, p. 85. 

1877. Cyclopteris Brownii Dn., Peach, Trans, (ieol. Soc. Edinb., vol. iii, p. 151. 

1883. Cyclopteris Brownii Dawson, Can. Nat., vol. x, No. 1, p. 10. 

1888. Cyclopteris Brownii Dawson, C^uart. Jour. Geol. Soc. London, vol. xxxvii, p. 307. 
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1882. Cijdopteris {PkUyphyllum) Brouitii Dawson, Foes. PL Erian and Upp. Sil. Can., pt. 2, p. 101, pi. 

xxiii, figs. 11-13 (?). 
1884. Archxapteris (CfyciopUris) Brownii (Dn.) Lesquereux, Coal Flora, vol. iii, pp. 837, 850. 
1886. Palicopleru (?) Brovmii (Dn.), Kidaton, Cat. Pal. Foss. PI. Brit. Mas., p. 229. 

1888. PkUyphyllum Brownii Dawson, Geol. Hist. PL, p. 265. 

1889. RhacophyUum Browiiii (Dn.) S. A. Miller, N. Amer. GeoL and PaL, p. 139. 

1894. Cyclopteris ep.f Nathoret, Zur. PaL FL d. Arkt. Zone, pt. 1, Lief. 1, p. 13, pi. 1, fij?. 12. 

Fronds or pianules large, often 15 cm, or more in length, more or less orbicular, 
obovate, or ovate, deeply and often broadly cuneate-lobate, sinuate margined, mem- 
branaceous; nerves verj' thin, obscurely if at all fibrous, distant about 2-3 mm. midway 
of the leaf, and forking four or five times in passing, gently arching, to the margin. 

Little is known as to the precise affinities of this interesting species, which was 
named for Mr. Jethro Brown, the original collector at Perrj-, the type locality. 
The small fragments collected in 1903 agree in all respects with that figured in 
pi. ii, fig. 6, of vol. 1, pt. 2, of the Proceedings of the Portland Society of Natural 
History, 1863, and which, through the courtesy of the Boston Society of Natural 
History, we are able to reproduce in PL H, Fig. 1. Sir William Dawson, in his later 
observations," was disposed to regard these fossils as either epiphytic on fern stems 
or as growing in clusters from rhizomes. The latter view is based on the specimens 
from Scaumenac, which were erroneously, I believe, identified with this species. As 
to their fern nature, I would add that in the State paleontological collections at Albany 
I have seen large cyclopterid pinnules superficiallj' resembling these on the rachis of 
large petioles taken from the Chemung, near Hancock, N. Y., and probably belong- 
ing to Archxapteris dbhisa (Lx.). 

It seems possible, however, that the plant in hand is to be assigned to the Algae, 
to which the fragments before me appear to be bound by the characters of the mem- 
branaceous lamina and by the thin nerve bands, which are evidentlj' thickened as 
compared with the intervening lamina, but which, to my mind, do not show indis- 
putable signs of fibro-vascular structure. In this respect thej^ are in exact agreement 
with the type* described by Lesquereux^ as RhacophyUum trMncatum^ which was 
considered by both its author and Sir William Dawson as probably identical with the 
plant from Perry. I had collected a number of similar specimens from the Catskill of 
northeastern Pennsylvania, all of which are apparently algoid, but hesitated to refer 
them to Platyphyllum on account of their more dissected fronds, until opportunity 
was given me, through the courtesy of the Portland Society of Natural History, to 
examine its collections, in which I found the highly divaricate specimen illustrated 
in our Fig. 2. I do not, however, regard Platyphyllum truncatum as specifically 
identical with the Perry species, though it is evidently very closely related to it. 



a Canadian Naturalist, vol. 10. No. 1, 1883, p. 10. 
b Lacoe collection. No. 19414, V. S. Nat. Mu«. 
<? Coal flora, toI. 1. 1880, p. 311. pi. I, fig. 7. 
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The nerves of Platyphytlum Brownianum fork four or .five times at a rather 
wide angle, as is well shown in PL II, Fig. 2, which shows one of the types. The 
earliest figured specimen,® though a mere morsel from the interior of a leaf, reveals 
an identical nervation. The statement that the nerves fork but once, made in ail of 
Dawson's descriptions, and illustrated in all other figures of the plant, is wholly 
erroneous. The specimen from Scaumenac, figured by Dawson as P. Brownicmum^ 
can not, if drawn correctly, be regarded as representing this species, since the nerves, 
as shown in the figure, are very much closer, rarely forking, and parallel. None of 
the Perry specimens show nervation of this type in any portion of the frond. 

The fronds obtained from the Catskill of Pennsylvania and regarded as gymno- 
spermous in Rogers's Geology of Pennsylvania, 1858, vol. 2, pi. xxii, can not 
safely be included in PlatyphyUum Brownianum^ though they are evidently closely 
related and are no doubt congeneric. Comparison of the Pennsylvania figures, which 
I will designate PlatyphyVAJ/m Rogersi^ should be made with our Fig. 2. 

The specimen from the Devonian of the west coast of Spitzbergen, figured by 
Nathorst,* agrees so well with the fragments of the Maine plant that, notwithstanding 
the insufiSciency of the material, I hardly hesitate to place it under the same name. 

ARCH^OPTERIS Dawson. 

Fo88. PL Dev. and Upper Sil. Form. Can., 1871, p. 48. 

Arch^opteris Jacksoni Dn. 

PI. III,.Fig8. 1,2, 2*, 3, (4?). 

1861. Cydopteris Jacksoni Dawson, Can. Nat., vol. vi, No. 3, pp. 172, 173, figs. 9, 9a, 9b. 

1862. Cydopteris Jacksoni Dn., Hitchcock, Rept Nat. Hist, and Geol. Me., 1861, p. 248. 
1862. Cydopteris Jacksoni Dawson, Pi'oc. Portland Soc. Nat: Hist., vol. i, pt. 2, p. 76. ^ 

1862. Cydopteris Jacksoni Dawson, Quart. Jour. Geol. Soc., vol. xviii, pp. 298, 319. 

1863. Cydopteris Jacksoni Dawson, Am. Jour. Sci., 2d ser., vol. xxxv, p. 313. 
1863. Cydopteris Jacksoni Dawson, 2d Rept. Nat. Hist and Geol., Me., p. 402. 

1863. Cydopteris Jacksoni Dawson, Quart. Jour. Geol. Soc., vol. xix, p. 462, pi. xix, figs. 26, 26a-c. 

1868. Cydopteris Jacksoni Dawson, Acad. Geol., p. 547, figs. 191a, 191b. 

1891. Cydopteris Jacksoni Dawson, Geol. N. 8. and N. B., p. 546, fig. 191. 

1870. Cydopteris {Archseopteris) Jacksoni Dawson, Nature, vol. ii, p. 87, fig. 3. 

1871. Cydopteris (Archseopteris) Jacksoni Dawson, Foss. PI. Dev. and Upp. Sil. Can., p. 45, pi. xv, figs. 

167-169, p. 85. 
1871. Archssopteris Jacksoni Dawson, Foss. PI. Dev. and Upp. Sil. Can., p. 48. 

1880. Archssopteris Jacksoni Dawson, Chain of Life, p. 98, fig. 89. 

1881. Arcliseopteris Jacksoni Dn., I. C. White, Rept. 2d Geol. Surv. Pa., G5, pp. 63, 187. 

1882. Archssopteris Jacksoni Dn.. I. C. White, Rept. 2d Geol. Surv. Pa., G6, pp. 103, 320. 



a Rept. Nat. HiBt. and Geol. Me., 1861 (1862). p. 250, flg. 6. 
b Fowile Flora der arktlschen Zone, pt. 1, If. 1, pi. i, fig. 12. 
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was originally described^ as differifig by the broader pinnules and the broader scaly or 
ramentose petioles, and especially by the arrangement and form of the sporangia, 
which are larger, more oblong, and are placed in pairs sessile on the midrib. It 
would seem also that the distinction between A, Jackson i and A» gaapie^i^is is valid 
according to the characters of the fertile pinnae, if we accept fertile fragments of the 
form of Sphenopteris Hitchcocki as representing A. Jackso7ii. We are not jet in a 
position to determine the interrelations of A. Jacksoni^ A. Rcxjersl, and A, gaspuhsis. 

It is interesting to note that none of the numerous fertile fragments which Dawson 
must have had from the same bed and place were referred by him to .1. I^or/r/sJ^ 
since he says the fertile pinnse of the latter are unknown, though examples liki* that 
which I give under the latter species, PI. Ill, Fig. 5, do not appear to be very rai r. 
The specimens of the latter type are to be compared with the fertile pinntC oi 
A. gaspiensis figured by Dawson.* Incidentally it is perhaps signiticant, thouirh 
merely circumstantial, that the fertile pinnae at Perry which I thus tentatively pla« e 
under A. Rogersi are possibly specificall}' indistinguishable from th(>>e of .1. 
gasplensis^ which is described as distinguished chiefly by the absence of the transver-r 
rugosity of the rachis, and as being otherwise diflicult of separation, wliile .1. /in^/^ / ' 
is recorded by Dawson^ as associated with A, gaj^punsis in the (ia^pr region, ju-t n- 
it is with A. Jacksoiii at Perry. I would add not only that >oine of the ^t(M ilc 
pinnules of A, Jacksoni^ in one of the larger specimens in thr* nuiscuin of the Poriltm 1 
Society of Natural History, have the form and size of A. <i<ispl ns'^s^ u- li^urrd l>y 
Dawson, but also that the specimens from Montrose, Pa., ])iil)li-h( d i»y Lescjucreux 
as A, Rogersi^ include fragments which, in my judgment, are hai<lly di-tin^uishahle 
from the sterile pinnae ot A. Jacksoni or A. gaf<]>itHs!s. TIh' fnictilication of iht' 
same fronds in the Montrose specimens seems to a^Ki^ with that tiuincd by nn. 
PL m, Fig. 5, under ^. RogerHt. It is hardly necessary to i-iMiiark that the sprcitir 
differentiation of the American species of .4/r/i<7^7^///.s is at pic-i nt in a ( onfu-e.i 
condition, which can not be satisfactorily resolved without a lanful k cx.nninatior 
of the scattered types. For this reason, pendin^i an opportunity to make sU( '• 
special study of the American material, I leave the disc liniinat ion of the INii v <}> 
essentially as proposed by Dawson. The combination hy Lcmjikkhx of J//// ' ]^ 
teria Jacksoni and Sphenopteris Ilitehcocki with Ar<'J(i*(>j>i> / /. v A//w ( ( 'iidnnf, ,-',s // / 
^a7la GOpp.) appears to be unwarranted, the pinna* of the lail( r .-!•. jnn much nio^i^T; 
slender and flexuous, while the pinnules are delicate and h-^^ ii 

Avchseopteris Jacksoni is present both in the shah^ hcd on , 
field near McPhail's. 
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aFosdl Plants of Erian and Upper Silurian Formations uf eaimda. i>t. 
fcLoc. clt., pi. xxl, flgr. 2. <^Loc. cit.. p. KM). 
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hand. In PL III, Fig. 2, is shown one of the typkal fragments of a pinna collected 
in 1903, the details of the nervation, which suggests the Coxton Narrows specimens 
of A. minor^ being given in Fig. 2*. 

The identity of the fructification of this species is still in doubt, but the specimen 
here figured (PI. Ill, Fig. 4) can hardly be other than the same species as that from 
Scaumenac illustrated by Dawson '* as Aixhseopteria JacksmiL It is difficult to dis- 
cern the position of the sporangia on the pinnules in this specimen, and so to ascer- 
tain whether or not they are pedicellate and fasciculate as described for this species 
by Dawson; but from my examination of the specimen 1 am disposed to believe that 
in the upper part of the pinna they may be in a single row along the midrib, which 
is prolonged in a narrow, upward curved semispinose process, after the fashion of 
manj'^ other species of the genus. This fragment 1 am, however, disposed to regard 
as perhaps but a young stage of the form shown in PI. Ill, Fig. 5, which, although 
placed under A» Rogersi in deference to the judgment of Dawson, 1 suspect may 
belong, like other examples of A. Rogersi from Perr}^ — the type locality — to 
^'1. JachmnL In his description of A, Rogersi^ Dawson pointed out the more elon- 
gated, cuneate, and distal pinnules with more nearly parallel nerves, and the trans- 
versely rugose rachis as distinctive of the former as compared with A, JaeknnnL 
In leaflets of the latter, said to be the more common species at Perrj% the nervation, 
as shown in PI. Ill, Fig. 2*, does not seem distinguishable from that given by Dawson* 
for A. RftgersL As to the form of the pinnules, it is but poorl}'- described and figured 
by Dawson; but the pronounced variation in width seen in different portions of the 
same frond in species of Archaioptens^ as shown by Nathorst *" in closely related species, 
or as may be seen in some of the fine slabs in the Lacoe collection of the United States 
National Museum, caution us against the specific separation of small fragments of 
the frond on account of the width of the pinnules. The same series of figures given 
by Nathorst and the same Lacoe specimens also illustrate the transverse rugosity of 
the rachis in some fragments,' especially those nearer the base of the frond, while the 
more distal portions may be merely striated. In the example illustrated in PI. Ill, 
Fig. 1, there is but faint indication of transverse corrugation in the rachis, but in 
some of the fertile examples, and in several of the fragments of larger rachis like 
that shown as A. Rogersi^ PI. II, Fig. 12, there is evident corrugation, though I have 
not seen any sterile pinnae or pinnules which are not clearly A. Jdckson'i^ judging 
from the characters of the leaf form and the ner\'ation. 

The distinctions between Arcliceopteris ganjyiensis and A, Jacksoni^ for which 
Dawson at first mistook the former, are perhaps still less evident The fonner species 



a Fo8*il Plants of Erian and Upper Silurian Formations of Canada, pt. % pi. xxlv, flg. 17. 
fcQuart. Jour. Geol. Soc. London, vol. 19, pi. xix, flg. 27b. 
<- Oberdevoniscbe Flora d. Bilren-Insel, 1892, pi. v. 
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In its corrugation the Perry rachis agrees well enough with Dawson's descrip- 
tion of the original figure of a petiolar fragment, but in the traces of irregularly 
arranged scars to be observed in one or two examples our specimens strongly 
suggest fragments of the rachis of A. gaapiensis^ described by Dawson as having 
indications of flat scales or ramentum. A similar specimen is in the collection of 
the Portland Society of Natural History. Since, however, the examination of 
several slabs of ArvJiseopteris from the Devonian of Pennsylvania in the Lacoe 
collection of the United States National Museum or of the figures of A, Roein^riana 
given by Nathorst in his Devonian Flora of Bear Island shows the occurrence of 
both smoothly striate and transversely corrugated portions of rachis in the same 
fronds, I am disposed to regard this character as probably due more or less directly 
to circumstances of preservation and therefore of little specific value. It is not 
improbable that the corrugation itself is due to the presence in the cortex* of hori- 
zontal sclerotic plates, which are expressed in the fossil according to the conditions 
of preservation, the cortical structure being presumably comparable to that described 
by Williamson and Scott in IlettTaughua, 

Associated with the sterile pinnae of Arvha^opterls Jackson i I find several frag- 
ments of fertile pinnae, which, since the}' do not conform to the characters given by 
Dawson for the latter species, 1 provisionally place in the other Perry species of 
Archctopttris^ A. Rmjersi^ the fruit of which Was unknown to the author of that 
species. As shown in PI. Ill, Fig. 5, which represents an average specimen, the 
sporangia in this species are oblong linear, obtusely rounded, about 4-6 mm. broad 
and 2.5-8.5 mm. long, arranged singly or in pairs, with ver}- short pedicels along the 
the midrib, which extends beyond the sporangia in a slender upward-turned prolon- 
gation. The sporangium itself, is marked by a narrow longitudinal line, probably 
corresponding to the nerville. This character of the Arch^eopteins sporangium which 
has been illustrated by Dawson ^' is susceptible of intei*pretation as a rudimentary^ 
annulus. In one of our specimens the pinnae and sporangia are smaller and more 
delicate, being intermediate to those placed by me (PI. Ill, Fig. 4) under A. Jaclmnu 
The difference in size is perhaps due to immaturity, since the mode of arrangement 
on the midrib appears to be that shown in the larger specimens. 

As already mentioned in my remarks on ArchseopteriH Jackson i^ it is possible, I 
l)elieVe, that this type of fertile pinna may belong to the last-named species. This 
supposition is to some extent supported by the relatively greater frequency of 
this form of fertile pinna in association with A, Jackmni at Perry, by their close 
resemblance to the fertile pinnae figured by Dawson* under Archddopteris gaspit^nsis^ 
and by the occurrence of A. Jacksoni with A, gaspiennis in the Gasp^ region. The 

a Geol. Hist. PI., 1888, p. 128, fig. 56a. 

h Fossil Plants Erian and Upper Silurian Formations of Canada, pt. 2, pi. xxi, fig. 2. 
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very close relations of the Perry specimen to those from Montrose, Pa., described 

by Lesquereux^ as A. Bogersi are to some extent corroborative of this view. The 

fertile specimens from Pennsylvania in the Lacoe collection are of the form here 
placed in A, Rogef'si, 

In his Devonian Flora of Bear Island, Nathorst* seems to regard Archadoptei'h 

Rogern as probably referable to A. Boemeriana Goepp. It seems not improbable 

that the fragments from Perry, doubtfully identified b}^ Dawson^ as CycUyptei^h 

Ilalliana GOppert, are but delicate specimens of A. Rogei'si, 

Arch^opteris Hitchcocki (Dn.) D. W. 

PI. Ill, Figs. 6, 6", 6''. 

1862. Sphenopteris JTitchcocki Dawson, Kept. Nat. Hist, and Geol. Me., p. 251, fig. 6. 

1S62. Sphenopteris Hitchcocki Dn., Hitchcock, Kept. Nat. Hist, and Geol. ^le., p. 248. 

1862. Sphenopteris Hitchcocki Dawson, Proc. Portland Soc. Sat. Hist., vol. i, pt. i, pp. 76, 77, pi. i, fig. 4. 

1862. Sphenopteris Hitchcockiana Dawson, Quart. Jour. Geol. Soc. London, vol. xviii, p. 298. 

1863. Sp)ienopt^is Hitchcockiana Dawson, Am. Jour. Sci., 2d ser., vol. xxxv, p. 313. 
1S68. Sphenopteris Hitchcockiana Dawson, Acad. Geol., pp. 514, 518, 534, 552. 

1871. Sphenopteris Hitchcockiana Dawson, Foss. PI. Dev. and Upp. Sil. Can., p. 49, pi. xv, fig. 175; also 

p. 52. 
1884. Sphenojiteris Hitchcockiana Dn., Lestjuereux, Coal Flora, vol. iii, p. 837. 
1869. Palieopteris Halliana (Gopp. ) Schiniper, Traits'*, vol. i, p. 478 (syn.). 
1895. Cychpteris Hitchcockiana (Dn.) Solms-Laubach,^ Jahrb. d. K. preuss. geol. Landesanst., 1894, 

p. 86. 

Main rachis large, ver}' rugose, sometimes faintly corrugated transversely, and 
in fertile portions provided between the secondary pinna? with very slender, narrow, 
deeply dissected or laciniate, oblique and recurved rachial pinnules, the dichotomous 
lol)es or nerves of which bear sporangia at their apices; fertile secondary pinna\ 
alternate, close, very oblique at the base and curving outward, the lower ones 
reflexed, tapering slightly, with moderately strong rugose rachises: lowest pinnules 
reduced to veiy narrow lacinia?, dichotomizing twice or more, the lobes fertile at the 
apex, the sporangia being broader than the lacinite, more distal pinnules reduced to 
the usuallv once or twice dichotomous short midrib, and the lateml nervilles 
immediately forking once or more at a rather wide angle to furnish short pedicels 
for the sporangia; sporangia in lax or diifuse arrangement, often loosely fasciculate 
at the apices of the very short dichotomous nerves, 1.8-2.4 mm. long, oblong or 
slightly clavate, often slightly curved, the maximum width (0.5-0.6 mm.) being at 
the middle or a little below the obtuse or rounded apex, the base being narrowed 
and the dorsal surface traversed bv a low narrow keel in continuation of the nerville. 

The diagnosis given above is based on the counterpart of the original type from 
Perry, now in the geologic collection of the American Museum of Natural History, 

a Coal Flora, vol. 1, p. 307. Nos. 16989, 16992, 16995, Lacoe Collection U. S. Nat. Miw. 
ft Oberdevonlsche Flora der Biiren-Insel, 1902. p. 22. 
<* Quart. Jour. Geol. Soc. London, vol. 19, 1H63, p. 462. 
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to whose courtesj^ through Dr. E. O. Hove}-, I am indebted for the opportunity' for 
it8 reexamination and illustration. As shown in PI. Ill, Fig. 6, the rachises of the 
lateral pinnae are hardly in the plane of the surface of the shale, a condition not 
rare in fertile segments of Archieopterls, 

A conspicuous and interesting feature of this type is the reduction of the rachiiil 
pinnules to narrow laciniae, at the dichotoraous apices of which sporangia are horno. 
as is shown in Fig. 6 *. The lower pinnules of the secondary- pinna? are also uniqiir in 
that they are reduced to narrow, several times dichotomous lacinia\ bearing sporanirin 
at their apices. This feature is probably responsible for the original refcMincr ot 
the plant to the genus Spfienopteris, Higher in the secondary piimjc the ])inmilr^ 
appear to be further reduced, so that a short midrib dichotomously givers oil u f< w 
short nervilles, which usuall}^ fork once, or perhaps twice, immediateh , to form tlir 
very short pedicels of the sporangia. It is to this spreading and dichotoni()u>ly 
branched habit of the nerves or lacijiia^ that the plant owes its diffuse aspect. J); | 

The sporangia, often seen in foreshortened aspect in the matrix of this speriimMi. ^!! 

are (PI. Ill, Fig. G*') oblong, sometimes slightly enlarged upward, and gtMUMallv \vv\ 
briefly pedicellate at the usually narrowed base. The residual substance of tin 
sporangia is thick and carbonaceous, each sporangium being traversed by a narrow. i f 

low dorsal keel, which ma}' correspond to a rudimentary rino. j 1 

The sporangia of this species are typical of the genu> Ar<h;inj,t, ris, a sterile ^,! 

fragmentof which occurs on the same piece of shale. Thecoriclation of At'<h;inj>f. / /n 
Hitchcochi with any of the species known b}- their ])arre!i pimi.i' is u(»t yet di'tinitely 
possible, on account of the lack of connection between the l>air« n and fcitile at Penv 
and the failure to discern the fertile species elsewhere in avxx i;ition with (•orre>pon(l- 
ing barren pinnae. But it is not beyond the bounds of pov>ilMlit\ ihat the >pe(ini(»n 
may represent a lower part of a fertile J. J«f<ksn)(f\ who^c fruit would appear to 
approach it by the position of the sporangia on the api( e^ of loikinii Ncirdrt^. 

The reference of Sphenopteris IHtchcocl! to AnLmj^f, r^s wa^ [\y^{ proposed 
essentially by Schimper,^ who regarded it as the fertile piniue of r.ih^npt, , /> JliUnt.,.! 
(Goepp.) Schimp., to which he also provisionally refeiied J. ./.frl,s..ni Daw-tn; 
seriously considered Schimper's views, though he remained nru om inccd. Lcs.juri-r'i'' 
who in 1880^ accepted Schimper's correlations, later revt,n('s ' the vj 
Sphe7iopteris, 

Schmalhausen ' is disposed to interpret Sj^ht i,nj»f. ris // ',4;^^, 
form closely related to his Dinierl pterin. The latter ^rfiu-. 
later, will at once be recognized as generically di^tiiK t. A ,^ 

n Traits pal<k)nt. v<^g., vol. 1. p. 47«. 

bFoflsil Plants Devonian and L'pper Silurian rormiitinn- ..- < 

^Coal Flora, vol. 1, p. 304. 

rfOp. cit., vol. 3, 1884, p. 837. 

«M6m. Com.GOol., vol. 8, Xo. 8, j^t. Pt'tcrvJuirj.'. l^9J. jp _".«. . 
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evils resulting from a too free interpretation of foreign imperfect descriptions 
and figures is furnished by Piedboeuf 's inclusion * of S. Hitchcocki with Haliserites 
Dechenianvs^ Fucm Neasigil^ Psllophyton^ and Sphenopteris condruaorum in his 
Sargas8um Dechenianum^ supposed to belong to the Fucacex. By the form and 
chai"acters of the sporangia and their position at the ends of forking veins Archaeop- 
teris Hitchcocki appears to be related to the fossil plant from the Devonian of 
Belgium described b}'^ Cr^pin* as Psilophyton condrmorurn^ the Sphenopteris 
condrusoi'um of Gilkinet. 

OTIDOPHYTON D. W., gen. nov. 
Otidophyton hymenophylloides n. sp. 

PI. II, Fig. 3. 
1863. An "Filicites incertie sedis," Dawson, Quart. Jour. Geol. Soc., vol. xix, p. 464, pi. xvii, figs. 10, 16? 

Fragments filicoid in form, with broad, lineate, rachial axis, bordered by rather 
thick and apparently somewhat fleshy, short, ovate lobes, which are open nearly at a 
right angle, laterally as3^mmetrical, slightly upward-pointed, and connate for about 
one-third of their length, the narrow, rounded sinuses being marked by small, 
roundish, dense, umbilicate organs about 0.5 mm. in diameter, and joined to the rachis 
by an oblique, decurrent, and rather thick strand; lamina of the lobes depressed 
along the rachis and nearly flat except near the slightly apiculate extremities of the 
lobes, where it appears to be marked, in most cases, at a distance of about 1.25 mm. 
from the border, by a small slightly depressed low mammilla. 

The fragment here described is, like most of the other material from the 
Perry beds, more or less abraded or macerated, a fact which, in conjunction 
with the generally granular matrix, renders the interpretation of the impression 
and carbonaceous residue a matter of much difficulty; yet the salient features are 
sufficiently clear to make it identifiable for general paleontologic and stratigraphic 
use. It has therefore seemed desirable to give it a systematic nomenclatural 
designation, although the determination of the precise nature and functions of 
the parts are necessarily left to future discovery and research. 

The habit of the pinna, PL II, Fig. 3, is strongly suggestive of a fern, with 
short, thick, fleshy lobes united at the base and separated in their distal portions by 
deep and narrowly rounded sinuses, at the base of each of which the thickened car- 
bonaceous umbilicate impression, sometimes elongated radially and evidently joined 
by a thick outward curved strand to the rachis, is strongly suggestive of the synan- 
gium of Hymeiwphyllum. As will be seen by reference to Fig. 3, there is very good 
reason for believing that this sinal organ is sporophyllous. In the fragment illus- 
trated it is constant in its occurrence between the lobes. In view of this interpreta- 
tion it becomes, however, somewhat embarrassing to explain the small mammillate 

aMittheil. Naturf. Verein, Dusseldorf, 1887, pt. i, p. 47. «>Bull. Acad. Roy. Belgique, vol. 38, 1874, pi. 1, fig. 8. 
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depressions which occur within the apices of the lobes, and are likewise marked bv 
a thickened carbonaceous residue. Other things being equal, these would natunilly 
be taken for fructifications, but in this particular case such an interpretation is (jiiit<' 
inadmissible, unless we conceive the plant to possess two distinct types of spoiiiniria 
borne on the same pinna. It is possible that the one or the other is nn^vly 
glandular, or that the sinal impressions are those of pedicellate organs or a])pen(l 
ages. I am, however, slightly inclined to regard the peripheral traces as possibly 
glandular. 

The specimen in hand does not satisfactorily reveal any definite sy>trm of 
nervation. Several of the lobes on the right hand of the axis appear to l)o xmw- 
what distantly marked by depressed lines, lying generally parallel to the tn^ul of the 
lobe and possibly bifurcating once or more, which bend downwaid near th(^ ijk hi-. 
but it is not possible to follow them with sufficient accuracy to (*sta})lisli tlirir nicxlt^ 
of origin or their precise habit of subdivision. The}' are probably to Ix^ r«\i:ai<lr.l 
as the true nervation of the fleshy pinnules, although in other portions of the ^piM j 
men no evidence of nervation is visible. 

As compared with other Paleozoic plant types, the fratzinents in lumd apix ni 
to resemble none sufficientlv closelv to indicate near rdationship. A> to t'l* 
general aspect of the fragment, embracing a thick rachis })oi(lorr(l l)y (1(mi>(* llt-hv 
lobes, the example shown in Fig. 3 is slightly suggestive <>f that from the low. 
Coal Measures of Missouri, descril)ed by the writer as />'/ /V/w\^ in whi( h \\('ha\. 
denticulately lobed pinnules or appendages arising from tlic -imiM'^ iMtwciMi lj» >hv 
rachial lobes corresponding in general form and arnuiu'rmiMit to that in < Hliloj^lnitoi,. 
The latter, like lirittsla^ also distinctlv resenii)los thi* fronds dc-n jlud hv KrfKuilt 
and Zeiller as ZygopteriH,^ This genus differs widely fi-om the txpr \\\ liand in 
the position of the sporangia. 

From an examination of the figures of the iimiaiiKMl fern from the Peri\ lud-. 
published by Dawson^' in 18H3, it appears almost (eitain that thr ffai^nicnt- 
described as having ''dark spots, which are prohal)ly remain^ of friK tih.uiion " 
the sinuses, are referable to the genus, and periia|)s to ilie ^perie-. d.x i ihrd :iji. 
although the lobes are figured as narrower and l lie neivation i^ >.;iid toan.ivi., 
near the rachis. 

The fragment illustrated is in general form and a^p. ( t -oinrwhai ^iniil;?'' 
specimens described by authors as young exam]>h> of -^'^^^^'k''-.^ iTj; 
deserves especial comparison with the })ipinnate exam]»l<' > n'l ^iBSJm wf^ 
form from the Devonian of Condroz, illustratid l)y ( 
hihernica. 






^^\ 



«Mon. U. 8. Geol. Survey, vol, 37, IH'.^y. p. 'is, pj. xh ii : -v i 
'►Fl. foss. basHin hoiiill. de eomnuMUry, pt. 1, I'^vi. p. 77 pi \ v* 
cQiiart. Jour. Geol. S<k*. L^)n(lon, vol. ly. ]». 4f>l. pi. w n, ij- 
dBull. Acad. Roy. Belifique, vol. lis. isTl. j). .">C1. pi. 111. lu- • 
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BARRANDEINA Stur. 

Bitzb. K. Akad. Wise., Wien., math-nat. CI., 1881, vol. Ixxxiv, pt. i, p. 382. 

Barrandeina perriana (Dn.) D. W. 

PI. II, Fig. 11. 

1862. Anarthrocanna ep., Dawson, Quart. Jour. Geol. Soc, vol. xviii, opp. p. 329. 

1863. Anarthrocanna Perriana Dawson, Proc. Portland Soc. Nat. Hist., vol. i, pt. 2, p. 100, pi. ii, fig 3. 
1863. Anarthrocanna Perriana Dawson, Second Kept. Nat. Hist, and Geol. Me., p. 403. 

1863. Anarthrocanna Perryana Dawson, Quart. Jour. Geol. Soc, vol. xix, p. 461, pi. xvii, fig. 21. 
1871. Anarthrocanna Perryana Dawson, Foss. PI. Dev. Upp. Sil. Can., pp. 27, 85. 

Rigid Htems marked with broad, slightly irregular, low, flat, nearly contiguous, 
obscurely lineate ribs formed by the decurrent or appressed narrow bases of petioles 
or leaves, whose arrangement is spiral, the fracture being more or less oblique. 

Under the name Anarthrocanna perriana^ Dawson published a number of stem 
fragments of calamarian aspect, the leaf or petiole bases being described and 
figured as verticillate. From a number of small fragments in hand, one of which 
(PI. II, Fig. 11) is illustrated herewith, it appears that the scars are arranged with 
more or less distinctness spirally instead of verticillately. The scars themselves 
are mere portions of very obliquely decurrent rachises or leaf bases whose 
succession in the longitudinal sense forms a slightly irregular low rib. Each leaf 
lower on the rib appears as if laid on the rib, with the width of which it coincides. 

On account of the appressed condition and the mode of origin of the leaf bases 
the fractures are relatively lower, as regards the spiral, in some cases than in others; 
so it happens that in some instances they may appear to be verticillate. However, 
this aspect is, I believe, merely accidental. I am unable to recognize either the 
presence of nodes or of any enlargements corresponding to nodes such as are described 
by Dawson, whose figures, indeed, show no such enlargements. The reference of the 
Perry plant to GOppert's genus Anarthrocanna is untenable, since the latter genus 
includes exarticulate stems bearing verticillate branch scars. 

The foliar characters and form of reproduction as well as the internal structure 
of the American plant are not known. The mode of decurrence of the leaf bases is 
somewhat similar to that seen in the secondary rachises of stems of Archaeopteris. 
It is possible, on the other hand, that some of the supposed leaf fragments described 
as Cordaites angustifolius may have been borne on stems of this type, though it 
seems more probable that they will eventually prove to be fern stems. In this con- 
nection it is important to consult the fragment from the Hamilton of New York, 
figured by Dawson^ as " Cordaites f'^\ which would seem to be congeneric with the 
Perry plant. Both types, the New York type in particular, are so similar in their 

a Quart. Jour. Geol. Soc. London, vol. IS, 1862, p. 318, pi. xvi, flg. 59. 
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racbial fharacters to the axis described by Krejifi** as Protolepidodendron Dmll- 
anum and b}' Stur* made the tj'pe of Barrandeina as to require consideration as being 
generically identical. I have therefore tentatively placed the Maine plant in X\\i\ 
genus Barrandeina, It should be conipared with B. Daslianum^ pi. v, figs. 3. 4, .'►, 
of Stur's paper on the Flora of the H-hl stage in Bohemia. 

RHACHIOPTEKIS Dawson. 

Quart. Jour. (ieol. Soc., vol. xviii, 1862, p. 323. 

Rhachiopteris pinnata Dn. 

1842. Plant , Vanuxem, Geol. 3rd Dii?t. New York, p. 191, fig. 57. 

1889. Plant , Lesley, Diet. Foes. Pa., vol. ii, p. 657, text. fig. 

1862. Rhachiopteris pinnata Dawson, Quart Jour. (ieol. Soc, vol. xviii, j). 323, pi. xvi, ti^. (HI. ^' 

1863. Rhachio*4erU pinnata Dn., Hall, 16th Rept. Regents N. Y. St. Cab., p. Ill, ti>r. 1. 
1871. Rhachiopteris pinnata Dawson, Foss. PI. Dev. and Upp. Sil. Can., p. 57. 
1880. Rhachiopteris pinnata Dn., Lesquereux, Coal Flora, vol. i, p. 332. 
1885. Rhachiopteris pinnata Dn., J. M. Clarke, Bull. U. S. iiaoX. Suney Nr). !(>, pp. 2S. .",3. 
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Rhachiopteris pinnata Dn., var. ANCtrHTiiMNNA I). W. 

PI. IV, Figs. 1, 2, 3. 

Bipinnate; axis ripfid, irregularly and obscurely costato, irroofularly liiunitc 
slightly dilated laterally in pa^ssing upward to the Imscv^ of tin' sccoikIjuv pinna : i 

secondary pinnae distichous, opposite about 4 to 5 cm. distjint. at an ant^lc of about 
46^ with the main rachis, rigid, narrow, of varying loncrtli, often ^ih inin*:- to tcrniinati* 
abruptly, strongly decurrent at the base, and con.spi(iiou>l\ l)roa(lcnin«r the main 
rachis for some distance below the point of union; piimulcs little knou n, v( iv small. 
apparently somewhat distant, membranaceous, imrrow. pos>il>Iy oi)Ioni:. irretrular ifi 
outline, or lobate, not spread in the plane of the* rachis. 

Although little is known of the foliage of thi> type, the < hara( ter> of thr 
rachial portions are so nearly identical with those of tin* >peeimen fiom iIm ,g 
Marcellus shale, middle Devonian of New York, made the ty])e of tin j. nu 
Rhachiopteris by Dawson,^ that it seems not moie than varietally >e|)aral»r(;v!>:t 
Rhachiopteris pinnata Dn. The chief distiiietion> recoLjui/ed in the ,\J 
angustipinna lie in the less tapering secondary pinna*, uhith aie more «^l^Ii^i 
their bases, and in the absence of a distinct medial de|»re--rMn or pit <»ij 
surface of the main rachis between and nearly oppo>it(^ <':i' h,{K^ 
such as are shown in Dawson's illustration. N(»verthele^> 
corresponding to those shown in R, plnn<itn are pirsrnt. rl 

osiUung>*ber. K. bohm. Ge«ell. Wiss., Ih78 (l>s8U), p. :i;«. 

6Sitzungf)ber. K. Akad. Wiss., Wien., math.-imt. CI., vol. sj. pt. 1. Iv^i. p. .w.j 

* Quart. Jour. (icol. Soc. London, vol. IH. li^2, p. ^IW. i»l. xvi. Wv.. mi. rh.- u. r •.- 
be confounded with Rhacopterif Sohlmper, IM',9. or Jidchiopttri.' WilliMnivon, 1^71 -i 
genus. 
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clear, in the Perry plant. It is possible that in this species the secondaiy pinnae 
are in four vertical rows, tetrastichous, or that shorter pinnae or pinnules at the ends 
of the abruptly terminated lateral rachises alternate with the pairs of secondary 
pinnae. 

■ 

The specimens present very little to indicate the characters of the pinnules 
borne by the rachises. On account of the coarse, irregularly fracturing nature 
of their matrix, their extremely delicate lamina, and the projected positions of 
their leaflets, only small fragments may be shown in definite relation to the 
rachis. A portion of such a pinnule is seen (PI. IV, Fig. 3) on the second lateral 
pinna, which is not uncovered beyond. Its membranaceous lamina is ventrally 
broadly concave to the thread-like vascular axis. The examination of other 
specimens, such as that in Fig. 1, appears to show the presence of leaf .Imses or 
offshooting nerves at various points of the rachis, which becomes spai*sely 
lineate toward the base. These lateral rachises are themselves marked bv a 
somewhat loose or irregular denser median portion or narrow axis, which is 
sometimes in relief and sometimes depressed, an^ hardly exactly parallel with the 
margins. The latter suggest a thick wing. The aspect of these less dense 
lateral portions of the secondary rachises, in the presence of such apparently 
deficient transpiratory leaf surface, suggests that the bordering laminae of the 
stem may have been stomatiferous. 

An example of a larger secondary pinna, probably belonging to the same 
plant, is shown in PL IV, Fig. 3. Here we have remains of several pinnules still 
in evidence. I am disposed to interpret these pinnules as generally alternate and 
not more than 1.5-2.5 cm. distant on the same side. They are so delicate as to 
be abraded, shriveled, or curled at the borders in all or nearly all specimens I 
have found so far. In their general mode of division and form they strongly 
resemble the terminal, thin, recurving, laminar expansions which probably served 
as leaves in the smoother of the groups of plants refarred by Dawson to 
Psilophyton. They represent, I believe, an early or rudimentary form of fern 
pinnule. 

A very interesting phase of the lateral pinnae is the apparently rapid if not 
almost abrupt termination of the rachis, either close to its base or at some 
distance from the main rachis. In some cases this is perhaps due to imperfect 
exposure of the specimens, though in others it would seem to be due either to 
rapid reduction of the axis attendant on foliar development or to fragility just 
above the leaf bases. The relative delicacy of the vascular axis, as compared 
with the rachises or lamina, illustrated in PI. IV, Fig. 1, should be borne in 
mind in this connection. Similar specimens of secondary pinnae with fragments 
of similar pinnules, found at a number of Devonian localities and almost cer- 
tainly belonging to the same genus, have generally, though probably erroneously, 
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been referred to the genus I^ilophyUm, In these fragments we similarly have 
a smooth, slender rachis with central thickened axis, often depressed or travers- 
ing a depression, and a more fleshy and evidently less fibrous wing on either 
side. So also these branches, and even the leaf bases themselves, often end 
abruptly in a blunt though not resistant recurved base, to which thread-like or 
delicate fragments of pinnules, or of the vascular axis of the distally marcMuted 
portion of the rachis, seems in some instances to adhere. 

The fragments figured by Dawson, or seen in PL IV, Figs. 1 and :4, nmy witli 
interest be compared with the portion of a fern skeleton from the Lenno lHHl^ (iniddN' 
Devonian) of Oben zum Holz, figured^ by Count Solms-Ijaubach, and compared \\ itii 
Sphenopterln eondruAiorum, In the Oben form we have opposite V)raiuhes on thr 
main I'a^his, which are evidently traversed by a distinct medial axis, while iIm^ 
strongly reflexed lobes of the divaricately forking ultimate divisions of the rachis an' 
suggestive of the portion of a pinnule shown in PI, IV, Fig. 1. In tlie recruiarity nt 
the lateral pinnee our plant suggests the species last mentioned, which was descrjlxd 
b\' Gilkinet.'* But while the rachial portions of the two ferns appeal- to h:i\ ^ many 
points in common, the pinnules of the Belgian exam])Iesare distinctly s])Iieiio])tci'oi(i. 
more rigid, and regularly disposed, and are comparaidi^ to the Sjth, /n>j>t. ,i> 
rn/^ravieuiii of Ettingshausen.' 

H/uic/iwpteris pin^iata sAaoclof^ely resembles defoliate(l t'la^intMits of J/v //,v/y>/, / />. 
with opposite lateral pinna?. It may, however, be distin*,nii-hcd liom ilie latter liy 
the broadened axis just above the axils of the pinna'. wIm( li in .1/v ///r.y//, / /.v ar«' 
acute, the secondarv rachises themselves bein<r more riuid. liln<ui^. and without 
the bordering lamina. 

Rhachiopteris punctata Dn. it). 



-, Vanuxerii, Geol. 3rd Dist. N. Y., p. I1H. liir. ->«i 
-, Lesley, 1 ict. Fos«. Pa., vol. ii, p. «).'>7, tcxt-tiL'. 



1842.- Plant - 

1889. Plant - 

1862. Bhachwpleris puruiota Dawson, Quart. Jour. (ieol. Sue. L.in.li.u. \ni. wm 

1863. RJiachiopteris jmnctaUi Dawson, in Hall, lOth Hif»t. N. ^'. Siatr Mii>. Na 
1871. Rliachiapteriit pvnctatn Dawspn, Foss. PI. Dev. ami 1 p|». Si I. ("an , 
1880. Rhachiopter'iM puncUUa Dn., Lescjuereux, Coal Flora, vnl. i. p. :;:;l' 
1884. Rhachiopterb^ puttcUda Dn., Williams, Bull. U. S. <nM»l. Snr\r\ \ 

1888. Rharhwptcris punctata Dawson, Geol. Hist. PL, jk !♦:>. 

1889. Rhachiopteris puiictata Dn., l^sley, Diet. Fos^s. Pa., vol. ii. p «» >7. li- • - 



Fern stems, rigid, with somewhat coarse, irret^ular, lonl;^ 
which the impression is marked by small transv( r^c » i«Ji:< r;| 
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thus producing the appearance of vertical rows of 

and often lapping upon, the impressions of the lar^^c \ m^c m 



aJahrbuch K. preiiss. kcoI. Ltindesanstalt u, H«ri,'ak;i'i<iiiir. I^'i 
fcBull. Acad. R(iy. BclK»q"c (2), vol. 8«>. Iht.'). [.. :>'.»;;. iii;v. i j 
<^Fo«5ile Flom Mahrisch.-Sc'hlex. Dachschiffrrv, j. iimi, |.1. ;\. ri- i 
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The stems described by Dawson under the above name are, as was admitted 
by him, probably to be associated with Archmopteris. They perhaps represent 
specimens showing in a more marked phase the conditions of preservation often 
seen in rachises of the fronds of this genus. It is possible that the peculiar 
transverse fretting may be due to the presence of horizontal sclerotic plates in the 
cortex, comparable to those in Heterangiunt. * 

This species is perhaps of no value beyond indicating for its terrane th^ 
presence of some kind of Archaeopteru whose petiole bases may be presei*ved so as 
to show a transversely rugose stem, a fact already recognized at Perry through 
the occurrence of A, BogersL 

SPHENOPTERIDIUM Schimper. 

Traits Pal. V^., vol. iii. 1874, p. 487. 

Sphenopteridium sp. 

Among the plants placed in my hands through the courtesy of Dr. R. T. 
Jackson, of the Museum of Comparative Zoology of Harvard University, I find 
a fragment of pinnule (No. 8,337) which by its form and nervation is very 
similar to some of the lobes of Sph^nopteHdium fxirciUatum found by Ludwig° 
and Potoni^* in the collections from near Herborn, Hesse- Nassau. The terranes 
containing the latter are referred on nonpaleobotanical evidence to the Silurian; 
but the evidence of the plants themselves is sufficient to show that the Sphenop- 
teridium beds are not older than upper Devonian. 

DIMERIPTERIS Schmalhausen. 

M^m. Com. (t6o1., vol. viii, No. 3, St. Peterab., 1894, p. 12. 

DiMERIPTERIS INCERTA (Dn.) D. W. 

PI. II, Figs. 7, 8, 8% 9. 

1862. Cyclopteris incerta Dawson, Quart. Jour. Geol. Soc. London, vol. xviii, p. 320, pi. xvi, fig. 44. 
1871. Cyclopteris incerta Dawson, Foes. Pi. Dev. and Upp. Sil. Can., p. 65. 
1884. Cyclopteris incerta Dai., .«equereux, Coal Flora, vol. iii, p. 830. 

Very slender stems occasionall)' forking more or less divaricately, with central 
axial strand, the lateral portions less dense and often irregularly costate or lax; 
lateral branches relatively short when fertile, becoming abruptly diffuse by rapid 
dichotomies at nearly a right angle, the ultimate divisions being very narrow, curved, 
or reflexed, extremely short; sporangia borne in clusters of 4 to 10 or more at 
the apices of the ultimate branchlets, sessile, imbricate in subglobular heads, oblong 
or oblong-lanceolate, about 2.5 mm. in length and about 0.6 mm. in diameter, obtuse 
and sometimes slightly flaccid; sterile pinnules not definitely known or correlated. 

a Palaeontographica, vol. 17, No. 3, 1869, pi. xxiv. 

bAbhandl. K. preuss. geol. Landesanstalt, n. s., vol. 36, 1901, pp. 20, 21. 
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The interesting fossils here described and illustrated furnish another example 
of the incompleteness of our knowledge of man}^ of the older types of land plants. 
The stems of the form shown by several fragments in PI. II, Figs. 7, 8, appear to he 
indistinguishable from others that have commonly been referred to I^alJophi/ffu 
princej)»^ which is recorded by Dawson as occurring at Perr3\ They are usually 
very slender, long, somewhat rigid, witli central thickened vascular axes, which aiv 
often cjirinate in the impression. These stems or branch fragments often >li()\v 
«hort, abruptly terminated, branch, or leaf biises, to which adhere short, irrc^nilar 
iilamentose remains, presumably branchlets or leaf nerves or fragments of i^iiiiuilc-. 
By their superficial chaiticters the}' appear to be inseparable, at least oenerirull\ , 
from specimens from Scaumenac labeled by Dawson as Pnlhtjjhyfon j>rrintps. I'ht* 
agglomerations or heads of sporangia also appear to be directh' comparable to tho>e 
illustrated by Dawson^ as /*. rfjhnstlu^n. The resemblance of the last-inentioiKHi 
species touches also the characters of the rapidly and dichotomously ditiusc^ fertile 
branchlets and the arrangement of the sporangia. 

The specimens from Perry can not, however, be referred to the ^^emi^ 
Psih)phyUm^ as proposed .by Dawson* in 1859, even if we allow for ^omr 
uncertainty as to the true nature and characters of Ps'ihtplnjt'nt prhin i>.x, the 
type of its genus. In the latter we have distinctly spinous or sealy stem-^. 
irregularly dichotomous and revolute, as shown by the fitrures, not eireinnate^ at 
the apex. The supposed fruit of the type is comparable in some n speet> to 
that from Perr3^ But from the descriptions and fit^nire> oi\( ii \\\ Dawson then* ii 

would seem to be ample ground for questior.in*^ tli<' coniicnerity of the specie 
subsequently described as P. volnuHthi^^ P, ihtjims^ and /'. nliihrmn with /'. 
princepa. The more ample illustrations given by I)aw>on in 1^71 aid little in 
determining the problem, since we have both smooth and >|)inou> >tems undn 
the type species of the genus, while the fruitin^r of the lattn- shown in his iii^-. 
118 differs not only from that given in 18.")!^ bnt aUo. in le» ({(M^rcM-. from that 
indicated in fig. 103 of the same work. As Count SolniN-Lau)>a(li ha^ p<»inf 
out,^ the determination of the generic interrelation> of the sprrj* «^ dc^i rilMJ?! 
Dawson as Pnilophyton requires a thorough re^•isi<nl of tlic ma tibial u.^ 
reexamination of the types. 

While doubt remains as to the generic identity of the Ten \ ^^prrimcn 
the type of the genus Psilophyton^ whatever he their i< ImJ,!.' 
there is hardly room for question as to the ])reeisr (on.;^ 
hand with the material made bv Schmalhausen the t\ pc ni^ 

a Fossil Plants Devonian and UpjK'r Silurian FormatioiiM ('Hnnda. l^:i. i i v 
^Quart. Jour. Geol. 8oc. London, vol. 15, p. -t7«. ('Huadiati N.iiiirnh-r. 
<? Fossil Plants Devonian and Upper Silurian ForinatioTis canaiiii. p- \ > 
'iJahrbuch K, prenss. Landesanstalt u. BerRaka<iririi«'. l,s',».'> |.|. t:;,7<. 
c Dimeripteris /asciculata, M4m. Com. G(^ol., vol.», No. o, m. In t. rsl)iir-. i- m 
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The fragments in hand approach Z>. fasciculata so closely as at first to leave 
doubt as to the specific distinction between the Perry and the Donetz plants. 
The specimens shown in PI. II, Fig. 7, should be compared with pi. i, fig. 11, of 
the Donetz-Becken flora. But the species is also still more closely bound to the 
specimen from the Hamilton of New York described and figured by Dawson" as 
Cyclopteris incerta. Although I should not have associated it with a rounded 
stem branching so freely as that illustrated b\' Dawson as belonging to the latter 
species, its sporangia are so similar both in . arrangement and in form to those 
shown in fig. 44c of Dawson's plate that I tentatively place it in the same 
species. The subdivisions shown in 44b represent, I believe, ultimate branch 
divisions from which the sporangia have fallen. As such they should be com- 
pared with our Fig. 8. The curvature of the pedicels uniformly in the same 
direction in 44c is probably merely accidental. The apparent coalescence in the 
impression of the sporangia borne on two itimules in the upper part of this 
figure illustrates a feature common in our species, in which it is probable that 
in some cases the sporangia of more than one ramule are blended in the branch 
or head. Dawson's figure fails to show the features of the individual sporangium, 
and I am not certain whether they agree in all reSpects with those revealed in 
the coarse matrix at Perry. 

The type of finictification here described seems to have close analogies in 
other plants described from the Devonian of various regions. In the aspect of 
the heads, the development of the sporangia from rapidly dichotomizing i*amules, 
and the characters of their sporangia themselves, Diineripteris incei^ta and D, 
fasciculata are to be compared with the fructification from the Devonian of 
Bear Island described by Nathorst* as Cephalotheca mirahUis, Were it not that 
the sporangial heads in the latter are almost sessile in the proximal angles at the 
bases of the secondary pinnae the plants would of necessity be regarded as very 
closely related species of the same genus. The fructification of the plant in hand 
also resembles in some respects that described by Vaffier^ as Alcicornopteris 
ZeiUeri\ from the lower Culm of Maconnais, or the Calymvfwtheca hifida figured 
by Kidston^ from the Calciferous sandstone series of Scotland. However, the 
plant in hand is very readily distinguished from both of the latter types by 
the great differences in its raehial development and mode of division. 

Several fragments of irregularly lobed, delicate ramules (or pinnules?) in the 
collection may represent the leaves of Dimeripteris incerta. They are, in general, 
membranaceous laminae traversed by slender central nerve strands, and are com- 

a Quart. Jour. Qeol. Soc. London, vol. 18, p. 320, pi. xvi, fig. 44. 
b Kongl. svensk. Vet.-Akad. Handl., vol. 36, No. 8, 1902, p. 18, pi. i, figs. 18-36. 
c Annales Univ. Lyon, n. s., vol. 1. faac. 7, 1903, p. 124, pi. yii. 
<iTranB. Royal Soc. Edinburgh, vol. 33, pt. 1, 1887, pL vlii, figs. 1-6. 
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parable to those described as Rhachiopteris plnnata var. angtuitijyinna. They 
also resemble some of the slender, nonpunctate stems erroneously placed in 
Psilophyton j/rin<iepH. The phases and chai'acters of certain of the ramose stems jit 
Perry will be described more particularly' in connection with the supposed Psilophyta 
from tl»e same place. 

None of the sporangia provisionally referred to DlmeripteriH inctrta show the 
mode of dehiscence. There is, therefore, doubt as to whether the bivalvato or bilo- 
bate organs later to be compared with D. gracilis represent the generic type of 
sporangia described above. The coincidental association of the forms dcscrihcd l>y 
Schmalhausen as Dimeripteris fasciculata nnd I), gradh's m the Donetz IhhK; thr 
D. incerta and fossils of the type shown in fig. 103 of Dawson's plate in the Anicric nn 
Devonian; and the similar association of the fasciculate with the bivalvatc bodies 
next to be described at Perry are interesting analogous conditions, if tlnv do not 
bespeak direct relationship. 

Dimeripteris recurva (Dn.) 1). W. 

PI. II, Figs. -M). 

1862. SphenopttTis Bp.f Dawson, Quart. Jour. Geol. Sck*. London, vol. xviii. oj.p. p. ;;lM». 

1863. SphenopteriHBp.f Dawson, Proc. Portland Soc. Nat. Hint., mA. i. pt. 2, ).. loo, pi. ji, t\'j:>. s. ^a 
1863. Sphenoj)terw»]y., Dawson, 2d Kept. Nat. Hist, and Geol. Mt*., p. KM. 

1863. Sphenopterut recurva Dawson, Quart. Jour. Geol. Soc. Lond<»n, vol. xi\, p. 4<W. j>!. wii. lii:-. 7.^. 
1871. Sphenopter'is recurva Dawson, Foss. PI. Dev. and Upp. Sil. (an., ]>. .'»;;. 

Pinnules at the summits of slender-curved or gciiiculati*. «lnMl\ dichotonious 
ramules, very small, cuneate or obovate-cuneate, sliglitly cm \ (<! upwaid. vorv obtuM', 
dichotomously bilobate, with thin narrowly decurrcnt laniinu: spoiunoin narrowly 
obovate, paired or clustered, a little smaller than the lolxs of tho pinnnlrv. appjiromlv 
bivalvate. 

Among the material collected in 1903 are a lunnher of vory ^uvM ^jxm iinnis 
which appear to represent the Sphenopteris rfcurrn of Dawson. PI. II. I j^. :,^ 
shows the common form of the pinnular fragment^, aiul illustrator urll tlio .li( Ik! 
mous division of the pinnules which have in soin<^ instain cs tin' a>|)o( t <! VynfiKj 
sporangia. A fragment possiblv representing sporanoia, and witlmnt doubt rrfr 
to the same species, is drawn in PL II, Fig. t>. I have nr> (bar pioof tlnr' 
sporangia are bivalvate. In PI. II, Fig. 4, is shown a fra^^uh ni (.( a j)iruia \\ iii^ 
believe belongs to DimeripteriH recurva. 

The reference of these specimens to Dlim rij>f^ ris \^ \k\^ 
close relation of the material in hand to that dc^ rilM. 
Dimeripteris gracilis. There seems to be litth^ (loul)t thai.i 
the reason why Divuripterifi grttciliM, which I am inrlun d ? 

aMOm. Com. Geol., vol. 8, No. :i, St. iNt^'rvburu. IvM |. n. • 
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with its associate, Spheixopteris Ld>edewi Schm., is included in the same genus as 
D, fasciculdta does not appear to be entirely clear. ^ 

Specimens like that in PL II, Fig. 6, may be compared with those given by 
Dawson on pi. ix, fig. 103, of his Devonian and Upper Silurian Flora ^ as sporangia of 
P%ilopKyton jprincepB. The latter are also described as bivalvate. I have not been 
able to associate the fossils here figured with anj^ particular type of stem or rachis 
and therefore can not say if they are peculiar to the stems from Perry which have 
been doubtfully identified as Pailophyton princeps. The specifically distinct frag- 
ment shown under the latter name in pi. x, fig. 118, of Dawson's memoir also 
deserves comparison with Dim^ripteria gracilis. The interesting coincidence in 
finding at Perry two plants apparently corresponding to DirneripterU fdscicvlata 
and D* gracilis of the Donetz locality has already been noted in my remarks on D, 
incerta. In the development of the pinnules the plant in hand is comparable to 
Sphenaptei^ flexilis Heer,*' from the lower Carboniferous of Spitzbergen, while 
the bivalvate aspect of the large lobes suggests the fragment figured without name 
by Unger^ from the Cypridina beds of Thuringia. 

SPHENOPTERIS Sternberg. 

Vers. Fl. Vorwelt, vol. 1, Tent., 1825, p. xv. 

Sphenopteris filicula (Dn.) D. W. 

1862. Trichomanites ep., Dawson, Quart. Jour. Greol. Soc. London, vol. xviii, opp. p. 329. 

1863. Trichomanites ep., Dawson, Proc. Portland Soc. Nat. Hist., vol. i, pt. 2, p. 100, pi. iv, fig. 9. 
1863. Trichomanites sp., Dawson, Second Rept. Nat. Hist, and Geol. Me., p. 404. 

1871. Trichomanites sp., Dawson, Foss. Pi. Dev. and Upp. Sil. Can., p. 86. 

1863. Trichomanites JUicula Dawson, Quart. Jour. Geol. Soc. London, vol. xix, p. 464, pi. xvii, figs. 

12, 13. 
1871. Tri>chomnnites filicula Dawson, Foss. PI. Dev. and Upp. Sil. Can., p. 56. 

Cuneate to broadly ovate pinnules dichotomously dissected, generally at a narrow 
angle, in skeleton form, the lobes rigid, linear, obtuse, but little wider than the 
nerves, which are slightly depressed ventrally and very narrowly alate. 

Little can be said of this species, which has been recognized in a few small 
fragments only. Our specimens show a more oblique subdivision of the pinnules, 
with greater regularity and rigidity in the lobation, and with rather broader lobes, 
than is shown in the two small figures published by Dawson. 

The plant here described agrees so closely with that from the upper Devonian 
of Bear Island, illustrated as Sphenopteridiuni by Nathorst in the first plate (figs. 
16, 17) of the Palaozoische Flora der Arktischen Zone,'' as to raise the question 



a FossU Plants Devonian and Upper Silurian Formationfl Canada, 1871. 

(> Flora Foflsilis Arctlca, vol. 4, No. 1, PI. I, flgs. 11-27. 

cRlchterand Unger, Denkschr. K. Akad. Wim., Wien, matb.-nat. Cl., vol. 11, 1866, pt. 2, p. 99, pl. vli, flg. 25. 

tf Kongl. Bvensk. Vet.-Akad. Handl.,yol. 36, No. 8. 1902, p. 14. 
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whether it is not specifically identical with the latter. It is also comparable to 
the Sporochmis Kr^H of Stur,® from the upper Devonian (H-hl) of Bohemia. 
From the characters of the portions of pinnules before me the species appears 
also to be related to the Sphenopteris flaceida described by Crepin,* from th(^ 
Devonian of Condroz and the S, vespertina of the American Pocono. I tind no 
evidence in support of a relationship of the plant to Aplilebia^ as was sugcrest«Hl 
by Dawson. 

PSILOPHYTON Dawson. 

Quart. Jour. Geol. See., vol. xv, 1859, p. 478. 

? PsiIiOPHYTON CF. PRINCEP8 Dn. 

PI. V, Figs. 3-7; PI. VI, Figs. 7, 8. 

1859. PsUophyton pr\ncep» Dawson, Quart. Jour. Geol. Soc. L<^ncion, vol. xv, pp. 47S, 47l>. 4S(). iii:>. 

la-lm. 

1860. Pnlophyton prince})^ Dawson, Can. Nat., vol. v, No. 1, Feb., p. 34, tigs. la-f. 

1861. Pffilophytan princeps Dawson, Can. Nat., vol. vi, No. 3, June, p. 175. 

1862. PsUophyton princeps Dn., Hitchcock, Rept. Nat. Hist, and Geol. Me., 1861, i>. lMs. 
1862. PsUophyUni princeps Dawson in Hitchcock, Proc. Portland Soc. Nat. Hist., v<>l. i. j)t. I, p. 7*i. 

1862. PsUophyton princeps Dawson, Quart. Jour. Geol. Soc. London, v<»l. xviii. |>. *Jl»s. 

1863. PsUophyton princeps Dawson, Am. Jour. Soi. (2), vol. xxxv, p. ;>1.S. \[ 
1863. PsUophyton princeps Dawson, 2d Rept. Nat. Hist, and Geol. Mi.. j». I(L\ 
1863. PsUophyton princeps Dawson, Quart. Jour. Geol. Soc. lyindon, vol. xix. p. 4fj-j. 
1868. PsUophyton princeps Dawson, Acadian Geol., p. 543. 

1870. PsUophyton princeps Dawson, Nature, vol. ii, p. 86, tigs. 1, la-h . 

1871. PsUophyton princeps Dawson, Foss. PI. Dev. and Ui)p. Sil. (an.. [>. 17. pi. i\. x. fiL's. ni-lH»: 

pi. xi, figs. 127-129, 133, 134. 
1880. PsUophyton princeps Dawson, Chain of Life, p. 95, tigs. S7a «. 
1888. PsUophyton princeps Dawson, Greol. Hist. PL, p. 64, tigs. V.hi-r. 
1891. PsUophyton princepa Dawson, Geol. N. S. and N. B., p. 54:i, SnpplciiKMjt, p. 71. iIl' 1*J. 

Stems not very robust, irregularly and more or !('» uiHMjually didiotoniou^, 
subgeniculate to straight, usually gently curved hotwciMi the Inancln s, dilatinl :it 
the points of division, 2-6 eostate when flattenod. the co^tji* rouiidcd and M'paiat 
by several slightly uneven furrows equaling the rosUv in diin(MiNi()n->: fnam 1h - ;>,.. 
open, marked in impressions by an oval depre.^sion a trw millinu (ris alu.A. 
point of origin, fewer costate than the axis, and dividing pinnattdv to dl( liotom i 
or yielding almost abruptly to dichotomous, lax. thin, nanow. ro( in vr(l ;i4!> 
laminae not in the same plane. .^-cia. * * 4! 

The provisional reference, with expressiMl donht. «t 
fragments to the genus PsUophyton Is based (1) on ihcii/ 
agreement with material from New York and Canada i* 
other paleontologists to PsUophyton prhwipH, {^i) oji iIk 



■ ri 



a 81tzungsl>cr. K. Akad. Wiss., Wieii. inuth.-iiat. ("1., v. •!. ^i. ].• 
<>Bull. Acad. Roy. Belgique, vol. 3.S. KSTi. j,, 36«). pi. i. litr. ; 
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the latter species at Perry, and (3) on the examination of specimens from Pem% 
labeled with the latter name b}" Sir William Dawson himself, in two collections 
which have been placed in my hands. Yet I have been strongly of the opinion that 
none of this material is specifically identical with the plant originally described^ 
from Grasp^ as Psilophyton princeps^ and am even doubtful whether the two are 
congeneric. 

The relation of the stem fragments from PeiTy to the typical Psilophyton 
of Dawson can best be discussed after the description of the former. 

The general features so far as exhibited in the material in hand ma}' be 
readily understood by an examination of the figures of a number of the frag- 
ments. In PI. V, Fig. 3, is shown a not entirely flattened rachis in which the 
branches, as usual either broken or abruptly terminated, are given off alternately. 
In its flexuosity and ramification this example is comparable to specimens from 
Campbellton labeled as Psilophyton pinnceps^ though it is not so clearly costate 
as the latter. In general form this fragment is also remarkably like some of the 
fragments in the New York State collection labeled by Dawson as Rhachiapteris 
tenuistridta, A possible confusion of Psilophyton and Rhachiopteris in some 
species was long ago suggested* by the author of both genera. 

A fragment with more rigid rachis, shown in PL V, Fig. 4, well illustrates 
the abrupt form of termination of the lateral branchlets, which is so common 
and characteristic in fossil stems of * this tj'pe. It also shows the depression or 
elongated pit in the basal portion of each branchlet. A peculiar character is the 
rapid fading out or practical vanishment of the branchlets. This is perhaps often 
due in some of the smaller branchlets to the diminution of rigidity and the almost 
abrupt transition to the thin, lax, bifurcating lamina, presumably of foliar function, 
which has been destroyed by erosion. In many cases, however, the seemingly 
abrupt ending is due in part to rapid ramifications as well as increasing tenuity, 
the ramification, like the foliation, being not in the plane of the impression, and 
being usuall}' covered or abraded. This specimen serves to illustrate the costation 
of the rachis and the decurrence of the rameal strands. 

In PI. V, Fig. 5, is shown a rachial fragment of a more slender form which 
appears to agree with similar fragments recorded as belonging to the above-named 
species. The ramules are evidently foliate, though largely removed by erosion. 
Fragments of the lax laminate expansions of the branches, which I interpret as 
foliar, are shown in PI. VI, Fig. 8. The aspect of the divisions is comparable to 
that originally shown by Dawson^ in Psilophyton grandis. The abrasion to which 
the Perry sediments have been subjected has generally destroyed the more delicate 

a Quart. Jour. Oeol. Soc. London, vol. 15, 18S9, pp. 478-480; Canadian Naturalist, vol. 5, I8o0. No. 1. p. 2. 
bFoasll Plants Devonian and Upper Silurian Formations Canada, 1871, p. 57. 
<?Quart. Jour. Oeol. Soc. London, vol. 15, 1859, p. 481. figs. 2a, 2b. 
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portions of the plants, but the comparison of many of the imperfect fragments with 
other material from the Devonian of New York shows them to be generically 
identical. 

In order better to illustrate both the branching and the foliar termination in the 
smoother t3'pe of Pmlophyton I show (PI. V, Fig. 7) a part of a specimen from Camp- 
bellton, New Bixinswick, now in the United States National Museum collection, 
choosing it because it was identified by Dawson as Pmlophyiiyii princeps. In this 
example we see no distinct traces of spines or scale-leaves, though traces of obscure 
and distant punctation (exaggerated in the figure) are rarel}' observed in small por- 
tions of the fragments. The costae, which are well displayed, are slightly irregular 
and the furrows are of varying depth. The fragments of divaricately recur\^ed 
lamina, which terminate the rachises, and which I intei'pret as pojssessing leaf func- 
tions, are in general typical of a plant form common in the Devonian and are usually 
regarded as chai'acteristic of Psilophyton^ though they do not seem to be clear in the 
original Gasp^, figures. 

A laminar development similar to that shown in our figure is also found in both 
the i-achial and terminal portions of the specimens illustrated by Stur^ as Ilostindla 
Kostiiiensis. The terminal fragments shown in Stur\s pi. iv, fig. 5, of the flora of etage 
H-hl are so nearly of the type seen in Campbellton specimens as to leave scarcely room 
for doubt as to the generic identity of the types. A closely similar mode of division 
and rachial termination is seen also in the bitmches shown in fig. 3, pi. vii, of 
Miller's Old Red Sandstone and referred b}' Dawson to PsUophyton^ and in the 
frond from the Lenne beds cautiously described by Solms-Laubach * as a fern skeleton. 

PI. V, Fig. 6, and PL VI, Fig. 7, illustrate two small rachial fragments from 
Perry, which show the peculiar branching in equal dichotomy sometimes seen in 
these pl^rnts. Occasionally the division appears to be unequally trifurcate and, like 
the example, PI. VI, Fig. 7, not in the plane of the rachis. 

Passing now to the question of the generic identity of the plants in hand, I have 
to state that none of the specimens in our collections from Campbellton or from New 
York, to which I have referred, exhibit the distinct spines or spiny scales (* 'leaves") 
on stems or branches, the closely revolute ("circinnate vernation") development of 
the branches, the pitted rhizomes, or the rachial scale-scars described and illustrated 
in Dawson's original publication of the genus and species. The Campbellton 
examples are practically smooth. In fact, with the exceptions of examples from 
Gasp^, the material described bj^ Penhallow^ as Psilophyton grandh^ and some 
specimens from the Hamilton at Mapleton, Aroostook County, Me., I have seen no 

oSilur-Florader Etage H-hl: Sitzungsber. K. Akad. Wiaa., Wien, math.-nat. CI., vol. 84, pt. 1, 1881, pi. iv. 

bJahrb. K. Preuss. Geol. Landesanstalt, 1894 (1895), pi. 11. 

e Pioc. U. S. Nat. Mus., vol. 16, 1S93, p. 113, pi. zii, fig. 12a; pl8. xlii, xiv. 
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specimens in our collections which may without question be referred to Ptnlophyton 
as the genus seems to have been originally founded by Dawson in 1859. 

The confusion as to Psilophytoii dates back to the supplementary descriptions 
and figures given by Dawson^ in 1871, where we find both spiny and smooth stems 
placed in P&ilaphyton y^rinceps together with two other types of fructification,* 
neither of which appears to be reconcilable with that originally shown in 1859 
and 1860. 

In order to aid me in gaining a clearer view of the genus, Professor Penhallow, 
of McGill Universit}^ Montreal, has been so courteous as to place in my hands for 
comparison typical and excellent material from Gasp^ and Campbellton, labeled 
Psihjphyton jjrinceps hy Dawson. 

From the examination of these specimens I am convinced that the variety 
arnatum is not specifically identical with the Campbellton smooth type; but since the 
material submitted does not, unfortunately, include the types of the species and genus, 
there is still some doubt as to the precise characters of the Gasp^ originals. There 
is, however, I believe, little doubt that the so-called variety omatutn represents the 
original type species of the genus, its varietal discrimination being of doubtful validity. 
The specimens from Gasp^ belonging to this, the spinous plant, are readil}^ distin- 
guishable from those of the few-costate, smooth, and more ramose plant, and clearly 
show the spines or spine scars, even in the inrolled, somewhat blunt, apical portions. 
The latter, as shown b}' No. 3239 of the McGill Universit}- collection, are tnily 
inrolled and circinnate instead of revolute, since one of the fragments displays 
lateral pinme also in circinnate vernation just below the apical coil. The aspect of 
the specimen is filicoid. 

The characters of the larger stem fragments of the true PsUophytoii from Gasp^ 
are well shown in pi. ix of the Flora of the Devonian and Upper Silurian Formations 
(1871), the spines being not exaggerated either as to length or rigidity in figs. 104 
or 110. Those on the smaller divisions of the rachis, such as are shown in Dawson's 
fig. 100, appear to correspond to the type figures published in 1859 and 1860. 
Occasionally in the stem impressions the spines are marked by distinct and some- 
times distant pits. The fragments of fertile pinnse from Gasp^ lent me by Professor 
Penhallow, though obscure, seem to correspond to Dawson's fig. 102, and are 
distinctly punctate and thus referable to the typical species. 

The relatively smooth or Campbellton type of plant, referred, erroneously, I 
believe, by Dawson to PHihphyton princeps^ is represented in PI. V, Fig. 7. Its 
characteristic costation is nearh' always in evidence, there being no indication of 
spines except that furnished by a minute and very distant and obscure punctation, 
which is difficult to observe in most cases. It is also more lax, branching very freely, 

a Fossil Planto Devonian and Upper Silurian of Canada, p. 37, pis. ix, x, fiys. 111-119; pi. xl, figs. 127-129, 188, 134. 
6Loc. cit., pp. 87, 89, pi. Ix. figs. 102. 108: pi. x. flg. 118. 
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especially near the apex, which is very delicate (PI. V, Fig. Id) as well as intricate 
on account of the frequent divaricate dichotomies. In the specimens of the typical 
species from Grasp^ I have seen none of these divaricate terminal laminar develop- 
ments which form so constant a feature of the smooth Campbellton plant, and I 
am consequently inclined to regard this development as somewhat characteristic of ;i 
particular group to which the Campbellton plant belongs. 

Whether the smooth costate (Campbellton) type is congeneric with the true typt' 
of PHilophyton priiict'jm { = \9A\ orimtum) must be demonstrated by further study and 
by examination of the types. The former probably represents the genus //nsf /„,//*/ 
of Stur. It is possible that a generic connecting link between them may 1k' found 
in Psilophytoii robmtius, the rachis of which is punctate though its axis is Hlicoid. 
There would appear, however, to be vsome reasons for regarding the lattoi* ii> a 
generically distinct form. It is doubtful whether punctation of the rachis, whit li 
may represent an environmental effect, is to be regarded as of generic (lia<rno^ti 
value in such cases. A stronger argument appears to obtain in the similarity in th 
fructification as described and figured. 

To the true princep^ group, as illustrated in Dawson's original figures and in tin* 
spiny stems published in 1871, belongs, as congeneric, the IVthtpltufnu ^jntmlis K^i 
Penhallow from the Genesee of New York, the habit of thc^ stc^Tus as wc 11 as tin ii 
mode of division being identical. To the same grou]) should ])rol)al)ly aNo In- 
referred the specimens from the **01d Red Sandstone" of noitlicin Scotland, 
described by Carruthers^ as Haliserites Dcehenlatnf,^, tliou<rli tliey ditlVr by tlirir 
closer spines from Psilophyton prinvepH, SpecinicMis of /'. i>/'Jnr,j»s Imt hy Pro 
fessor Penhallow are densely carbonaceous, and s(HMnin<rlv vaMular. a^. indeed, the 
type is described to be by Dawson. Yet the eoniparison i> veiv L:i'«atly to he 
desired of the structure of suitably preserved tyi)iral fiat^nimt-^ with tliat ot 
Prototaxites^ the carbonaceous residue of which nii*rht also he drn>r and of lihious 
superficial aspect. 

The specimens illustrated by GOppert '' as II(tl(st rJt>s JK< Jh /tnnn's rww \\v refen*,] 
to Psilophyton only on the assumption that they are \<mv erroneously liLiuK' i i\ 
apparently true Psilophyta, mention should also )>e niaile (»f the stems iioni,;;= 
^nsXX/^r^ 9A Lycopodites Milleri^ and by Cr^pin' as "^ L, pnl'il^ ndron </'isjn',inu,n hi; 
from the Devonian of Rouvero3\ The union of /. y'/VA/A // // r,tsj>i. /,,>!,,> w 
Psilophyton^ proposed by some botanists, is wholly unwanani* * 

The larger stems of the true PslJophtjfifn (var. nrn<if 

rugged, bear such long, i*adiating spines, and approac h in a>>^> 
-- ^ 

a Jour. Bot.. November, lh7.=>, pi. oxxxvii. 

ft Fosslle Flora des TVberKHiipsKchirKt, l""'- i-^** i 

'•Quart. Jour. G(.h)1. Soc. Ix)n«l<ni. v(»l. 1 1, e^ > \<\ \ i 

rfBuU. Soc. Roy. Bot. B«ltM<ju«'. \<.l. 11. i^vr. j.lv w 
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figures of Dawson's Arthrmtigina gracUe as to suggest that they are but the smaller 
branches of the latter." However, it must be remembered that, notwithstanding the 
apparently irregular distribution of the spines in the figures, they are described as 
verticil late, a character which, if valid, precludes any serious comparison with 
Psilophyto7i or with GOppert's Drepanopkyciis spind&forrnh^ which after all may 
prove to be generically identical with the type species of PailophyUm. For the 
costate nonspinous type of stems the name Hostinella proposed by Stur may be 
found applicable should their apparent generic distinction be confirmed by the 
examination of Dawson's originals. The luchises in the Devonian material of what 
we may provisionally term the Hostinella type in Canada and in Maine are less rigid 
than those of Aneiraites and Adiantites from the lower Carboniferous and lack the 
strict angularity of the branches of the latter genera at the points of division. 

The curved branching stems from Maine should be compared with the 
fragments from the Devonian of Spitzbergen described by Nathorst in the first 
part of the Palseozoischen Flora der Arktischen Zone.^ Also our PI. V, Figs. 4 
and 6, show precisely the characters seen in thd stem fragments illustrated in 
the second part of the work,^ which described the Devonian flora of Bear Island. 
The close similarity in features between the original of our PI. V, Fig. 6, and 
the examples shown by Nathorst in pi. i, figs. 24^-33, of the latter memoir is 
especially significant in view of the almost equally close agreement between the 
sporangial heads, Cephalotheca miraMlis Nath., attributed to these stems in the 
Bear Island Devonian, and the fructification from Perry which I have described * 
(PI. II, Figs. 7-9) as Dimeripteris incerta. 

The examination of such so-called P^ilophyton material as I have seen shows 
the existence in America of two or more groups, represented by several fairly 
well-marked species which possess stratigraphic value, and which should be care- 
fully diagnosed and illustrated. It is probable also that additional material 
throwing light on the structure and relationships of these very remarkable early 
types of land plants will be discovered at some locality. The inspection of the 
material in hand emphasizes the need, as was pointed out by Solms-Laubach,^ for 
the revision of the material referred by various authors to PsUophyton^ together 
with a thorough reexamination and republication of the types. 

a Fofisil Plants Devonian and Upper Silurian of Canada, 1871, p. 41, pi. xiii. 

h Fossile Flora des Uebeigangsgebirge, 1862, p. 92, pi. xli, flg. 1. 

c Kongl. Svensk. Vet.-Akad. Handl., vol. 26, No. 4, 1894, pi. I. 

dOp. cit., vol. .36, No. 3. 1902. 

e Jahrb. K. pr. g^l. Landesanstalt, 1894 (1896), p. 76. 
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PSILOPHYTON? ALCICORNE D. W. 
PL V, Figs. 1, 2. 

Axis (rhizome?) flexuose, irregularly lincate, branching from one side at ritrht 
angles at intervals of a few centimeters, the branches greatly dilated at their huNcs 
along the axis in a more or less trapezoidal expansion, with rounded sinuses {i})()\ <^ 
and below, and immediately emitting an ascending ramule, while the recurviii*: 
branch at once forks again at a very wide angle to furnish a second ranuile clos*' to 
and nearly parallel to the first; branchlets relatively wide, rather dense, and tra\ n ^td 
by a central strand, which sometimes appears in the impressions. 

The aspect and general characiters of this type of fossil are repri^scntcil in 
the figures of two specimens, PI. V, Figs. 1, 2. It will be seen that in th<» hitt<M 
specimen the peculiar system of branching is further carried out. At tlu^ apex 
of the fi*agment represented in Fig. 1 was a branch similar to those shown Iowmm- iji 
the specimen, but this was accidentally destroyed in removing the nmtrix. 

The specimens here described are suggestive of rhizomes from wliich froiiiU 
arise, though they also suggest some algal forms. 1 tentatively refer tlnin to 
the genus Pfdlopkyton^ on account of the similarity in their method of Ihiuk hini: 
to that sometimes seen in stems of that genus. This similarity, as illustrated in 
a National Museum specimen from the Devonian at C ani])})(»llton (PI. V. Fii:. 7). 
is marred b}^ the degree of complication only, the main hram h heino' less strongly 
recurved and not forked again immediately. A minor reaMm foi' not treat ini: 
the plant as representative of a new generic type is the oeemrenee. in tlie sanii' 
bed, of fragments agreeing with the plants orem^rally identitiid a'^ I*sJh,j,h(jf 
Our example is, however, totalh^ distinct from the ilii/oi 
as belonging to the latter genus. Nevertheless, in sp 
general ramification, I am not at present dispos(Ml to ici: 
senting a new genus. 

The species is well marked and easily I'eeoj^niztMl 
unique mode of branching, which, so far as ohserxcd. i^ 
the axis, thus imparting a rhizomal aspect. 
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eis^. 



Steinkohlen-Calamaria', ]»t. 1, l^r^i. [.. Hi.'. 
PaL^EOSTACHYA i s]). 
PI. IV, Fijj. 4. 

The collection of 1903 contains a singh^ small frauni' 
axis bearing strong, basally open, or slightly reti( xed hr.i 
each bearing, at a point just above its has(\ a sliohtly of 
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porting two (or four?) short oblong sporangia. The position of the sporangiophore 
and sporangia appears to justify a tentative and provisional reference of the plant 
to PalsROstachya, But it must be noted that the bracts are very thick and decur- 
rently attached at the base, and, especialh^, that there are no traces either of 
nodes in the stem, the full width of which is not ^een, or of a verticillate arrange- 
ment of the scales. Fragments of the kind here illustrated might, if the 
sporangia were detached, readily be mistaken for Lepidodendrmi or Lycopoditef<^ 
and bear, in fact, a strong resemblance in profile to Lepidod^ndvmi gmpianum. 

BARINOPHYTON D. W., gen. nov. 
Bakinophyton Richardsoni (Dn.) D. W. 

PI. IV., Fig8. 5, 5% 6, 7, 8. 

1861. Lepidostrobus sp.j Dawson, Can. Nat., vol. vi, no. 3, June, p. 174, 

1862. Lepidogtrobus sp., Dawson, in Hitchcock, Prot\ Portland Soc. Nat. Hist., vol. i, pt. 1, p. 76. 

1861. Lepidostrobus Richardsoni Dawson, Can. Nat., vol. vi, no. 3, June, p. 174. 

1862. Lepidostrobtm Richardsoni Dawson, in Hitchcock, Geol. Me., 1861, p. 248, figs. 10, 10a. 
1862. Lepidostrobus Richardsoni Dawson, Proc. Portland Soc. Nat. Hist., vol. i, pt. 1, p. 76. 

1862. Lepidostrobus Richardsoni Dawson, Quart. Jour. Geol. Soc. London, vol. xviii, p. 298. 

1863. Lepidostrobus Richardsoni Dawson, Am. Jour. Sci., 2d ser., vol. xxxv, p. 313. 

1863. Lepidostrobus Richardsoni Dawson, Proc. Portland Soc. Nat. Hist., vol. i, pt. 2, p. 100. 

1863. Lepidostrobus Richardsoni Dawson, Second Rept. Nat. Hist, and Geol. Me., j^. 403. 

1862. Lycoj)odites Richardsoni Dawson, Quart. Jour. Geol. Soc. London, vol. xviii, leaf opposite p. 329. 

1863. Lycopodites Richardsoni Dawson, Second Rept. Nat. Hist, and Geol. Me., p. 403. 
1863. Lycopodites RicharasoT*i Dawson, Quart. Jour. Geol. Soc. London, vol. xix, p. 461. 

18V 1. Lycopodites Richardsoni Dawson, Foss. PI. Dev. and Upp. Sil. Can., p. 34, pi. vii, fig. 81. 
1880. Lycopodites Richardsoni Dn., Lesquereux, Coal Flora, vol. ii, p. 362. 

Known by thick, smooth, or irregularly ribbed axes bearing alternate, stout, 
compact, boat-shaped, fertile branches, which are a little distant, not in the same 
plane on both sides of the axis, of generally lanceolate outline, more or less oblique, 
strongW concave or hollow ventrally, round-carinate dorsally, slightly incurved at 
the apex, and which consist of a very thick fleshy keel, broadly carinate in the larger 
specimens, bearing on either side, on its ventral surface, a row of alternating 
small, thick, oblong, or oblong-lanceolate, often slightly crescentic, scales or bracts; 
bracts fleshy at base where coalescing with the thicker midrib, dorsally convex, and 
more or less distinctl}' carinate, the midrib sometimes in a depression, and ventrally 
concave, arching outward, sometimes longitudinally lineate dorsally, slightly 
broiider just above the often twisted base, and provided, within the point of basal 
dilation, with a small ventral pit or pocket, probably the seat of a sporangium. 

The fossils from Perry belonging to the species described by Dawson as 

Lejudostrohws and Lycopodites Rlchardmni are found to represent a type of 

supposed fructification which is both interesting and new, though insufficient to 

10325— No. 35—05 5 
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show certain essential details indispensable to their proper interpretation and 
classification. It is not ye.t definitely ascertained even to what order of plant}< tlio 
new genus here described is referable. Nevertheless certain of its features are >(> 
well marked and so striking as to make the type readily recognizable even in small 
fragments, thus rendering it, as a specialized type of reproductive organ, at once 
available for stratigraphic purposes. It is hoped that further discoveries in forma- 
tions of its age may throw light on its vegetative features and its systcniatic 
relations. 

In the accompanying illustrations and remarks the features presented l>v thf 
types in hand will be noted, together with such interpretations as the si)e( inniw 
appear to warrant. 

The example represented b}^ PI. IV, Fig. 5, shows portions of a faintly liiirati' 
but otherwise smooth axis, on the right of which are three of the boat- or (aiior- 
shaped branchlets that have the general aspect of young fern pinna'. A lu'ttor 
view of the uppermost of these, enlarged to twice the natural size, is Nhown in 
Fig. 5a. This exhibits the characteristic form of the pinna (i) and the shupv of tho 
dorsallv convex lobes or bracts, like the ribs of a canoe, within whi( h. in tlii> 
instance, the midribs are slightly depressed. The basal union t)f tin* )>i;u t^ with 
the keel of the pinna or strobilus is not well seen. This >p(cinu'n, whi( h. tnnrilxM 
with the two next to be described, belongs to the rortlaiul Society of Natural 
History, may be regarded, I believe, as a young stage of tin' foriilr plant. 

A specimen which appears to represent a mon^ advarniMl staijc of the >ani( 
species is shown in Fig. 6. Here we see fragments of an 
width than before supporting portions of eight hranchhM^ j 
in the same plane, those on the left being revealed hv a f< 
the sandstone. This specimen shows that the hranc hhi 
Dawson as cones, are not borne in one row on one side i 
in his later descriptions. The branchlets on th(^ riohi are fi 
or near the keel, and the view is therefore lateral and \ eutn 
of the bracts are broken away, but the specimen i-« p; 
showing, in the second branchlet on the ri^dit, the pit^ o 
the pinnules on the borders of the very broad and thirk 
believe, sporangial. It is not certain, however, that tin 
spores, as in certain of the lepidophytes. The detaiU <• 
to be somewhat pointed at the base, are not well >h()\vn 
the vascular system is distinctlv indicated at nuineroii- 
which should perhaps be called strobili, in this exampi. 
arrangement to the specimen figured in dorsal or < \h"i 
pl. xvii, fig. 1, vol. 19, of the Quarterly Journal (d i 
London, 1863. 
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The fragment of a large branchlet shown in PI. IV, Fig. 7, represents the form 
first figured by Dawson^ as Lepidostrohis liichardsoni. It illustrates, in dorsal 
view, the very thick, broadly carinate, midrib or keel, along which the lobes or 
bracts, which are close though distinct throughout the greater part of their length, 
stand like the lobes of a Ptei^opliyllum. It is not possible to make out clearly any 
sporangial pits in this specimen, but I assume that it also represents the fertile 
plant, in which after the discharge of the spores the bracts, instead of retaining 
their position in the canoe-shaped strobilus, have spread out nearly in the plane of 
the keel. The great thickness of the keel argues against the consideration of this 
specimen as sterile. An imperfect fragment, intermediate in proportions between 
the specimens last described, is No. 8335 of the fossil-plant collection of the Museum 
of Comparative Zoology, Harvard University. 

As representing perhaps the youngest stage of the fertile branchlets of this 
plant, I show in Fig. 9 a small specimen which is to be compared with pi. vii, 
fig. 81a, of Dawson's Fossil Plants of the Devonian and upper Silurian. Even in 
this little specimen the features of the bracts or lobes, which are comparable to 
those in Fig. 5, may be seen, while there are also indications of the sporangial pits. 

From the foregoing descriptions it will be seen that we have in Barhiophyton 
a type of vascular cryptogam in which the fertile specimens consist of stout, 
apparentl}'^ smooth axes, carrying alternately, though not in the same plane, short, 
dense, canoe-shaped branchlets or strobili (pinnse?), composed of a very thick 
rachis or keel supporting two opposite rows of alternate fleshy bracts (or pinnules?), 
each marked at its base by a depression for the protection of the sporangium or 
spores. 

As to whether these fossils represent ferns or lepidophytes I am unable at 
present to determine. From the mode of attachment of the bracts, their fleshy 
composition, and the position of the sporangiferous depressions at the base, I am 
disposed to regard the genus as lepidophytic. In this connection it is of interest 
to consult BarmophyUm lyerrlnnum^ next to be described. Mention may also be 
made of the faint aspect of ligular pits on the ventral faces of the scales in B, 
peiTianum, On account of the coai*seness of the matrix the evidence is, however, 
too obscure for illustration or further description. On the other hand, it is perhaps 
less diflScult to see in the smooth axis and the lateral pinna; with short, very fleshy 
rachises, the fertile fronds of a fern in which the thickened, coriaceous, alternating, 
and somewhat reduced pinnules or lobes partially envelop sporangia at their 
bases. 

It should here be stated that in the material before me I have seen neither indi- 
cation of dichotomy, as described by Dawson, nor sterile branches of the type shown 

a Canadian Naturalist, vol. 6. 18C1, p. 174. 
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18B3. Sti'jmaria pusilla Dawson, (^uart. Jour. (ieol. Soc, vol. xix, p. 460, pi. xvii, lijr. 8. 

1871. Stujinaria pumlld Dawson, Foss. PI. Dev. and Upp. Sil. Can., pp. 23,88, pi. iil, fig. 31. 

1888. Stiifinaria puHiHa Dn., Renault, Notice sur les Sigillaires, pp. 31, 43. 

1863. CyprrUes sp.f Dawson, (^uart. Jour. Geol. Soc, vol. xix, p. 460. 

1871. Cyperites sp. Dawson, Foss. PI. Dev. and IJpp. Sil. Can., pp. 24, 88. 

1894. Bergeria sp., Nathorst, Ziir Fosa. Fl. d. Polarliinder, vol. i, th. 1, p. 14, pi ii, fig. 8. 

Trees of small size, dichotomoush' branching; trunk covered with more or Ics- 
distinctly marked rhomboidal leaf cushions of relatively large size: leaf cushioji^ 
or bolsters spirally arranged, nearly contiguous, nearly exactly rhomhoidal, tli« 
transverse diameter being usuall}' longer, the surface being iiourly Hut, oftt n 
more prominent at the proximal angle, which is generally obtuse, the lateral anulr> 
somewhat acute, the distal margin being generally concave on either* side of thf 
usually slightly acute apex; leaf scar ver}' small, situated a little abov(^ tli(^ iiiiddlr 
of the cushion, oval or ovate, about one-eighth of the width and one-tiftli of tlie 
altitude of the bolster, narrowly annulate, with a manunillary nerve tnice :i little 
above the middle; bolster provided within the distal angle by a slightly depnsx d, 
often umbilical, ligular pit, the border of which is radiately corriigatiMl; lra\«'> 
acicular, slender, attaining a width of about 0.75 mm. and a length of '> cin. or more. 
dorsally prominently carinate; fructification not correlated. 

Leptophlamm. rhrnnhfcum was one of the first s])('<i('s to hi^ dcsciilnd fioin 
Perry. The salient features of the plant are the ndativrly lait^c >\/v of the 
bolsters as compared with the diameter of the stem; and the >inall oval oi- oxate 
leaf scar placed near the center of the nearly flat, very broa ll\ rliomhoidal, tirld. 
The general aspect of the stems is that of PresKs /A/v/. ////. with which (/oimt 
Solms-Laubach and others have compared this s])e(ies. In rcaliiv thr ^hms mmih 
to present bolsters of the lepidodendroid type, on which arc nearly centrally }>laccd 
leaf scars, probably closely similar to those of Bnthr<HL mlrn,,. The hoUtcis. whidi 
are nearly contiguous, are genendly somewhat tilted with i« f« niice t«) the plane 
of the stem surface. 

In some specimens of this species the cortex i^ wriid<led ^o a^ t(» produ* <> a -liLiht 
transverse corrugation. This is most excellently illii>ti-atcd in tlie urJLiinal •*\anii>l* 
*^Y^ in the geological collections of the ATn^M-ican MiHcum of Naiuial Hi 
New York. As will be seen in the new drawing" of tfii^ vpccinun. pj. \ 1. I-Il: 
bolsters in the upper part of the middle third of the fi ailment are I an iail\ tra\ . ':<? 
bv shallow and narrow transverse creases. The latii r pa-- iliiMti. h the juiv 
angles of the bolsters and cross the fields near the leaf -« ar-. ^\J•ii^^:Ci;:l: 
the}^ nearly conceal. The creases or wrinkhvs of the ontci 
occurrence, there being two spaces to the heiiifht of laeh im; 
fold is sinuate in consequence of the origiiially curved -m i i 
result is the production of a nodal effect, tliougli the nijiil • 
clear. It was precisely this nodal aspect, which appeal- \\\^'\ 
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LYCOPODITES Brongniart. 

Classific. Veg. Foes., 1822, p. 9. 

Lycopodites cx)mosus Dn. 

1862. Lycopodites sp., Dawson, Quart. Jour. Geol. Soc. London, vol. xviii, opp. p. 329. 

1863. Lycopodites comosus Dawson, Proc. Portland Soc. Nat. Hist., vol. i, pt. 2, p. 100, pi. ii, fig. 2. 
1863. Lycopodites ccmiosus Dawson, 2d Rept. State Geol. Me., p. 403. 

1863. Lycopodites comosus Dawson, Quart. Jour. Geol. Soc. London, vol. xix, p. 462, pi. xvii, fig. 14. 
1871. Lycopodites comosus Dawson, Fobs. Pi, Dev. and Upp. Sil. Can., p. 35. 

Stem stout, not observed to branch, densely covered with long filiform leaves. 

This species is known to me only by Dawson^'s description, quoted above, and 
the figure of a single small fragment published by him in 1863. Its generic 
determination appeal's to be somewhat doubtful. 

LEPTOPHLCEUM Dawson. 

Kept. St. Geol. Me., 1861 (1862), p. 249. 

Leptophl(eum rhombicum Dn. 

PI. VI, Figs. 1-4. 

1861. Stembergia sp., Dawson, Can. Nat., vol. vi. No. 3, p. 175. 

1862. Sternbergia ^\i., Dawson, in Hitchcock, Rept. St. Geol. Me., 1861, p. 248. 

1862. LeptophUxum rhombicum Dawson, Rept. Nat. Hist, and Geol. Me., 1861, p. 249, figs. 3, 4. 

1862. Leptophlosum rhombicum Dn., Hitchcock, Rept. Nat. Hist, and Geol. Me., 1861, p. 248. 

1862. Leptophlceum rhombicum Dawson, Proc. Portland Soc. N. IL, vol. i, pt. 1, pp. 76, 77, pi. i, figs. 1, 2. 

1862. Leptophlceum rhombicum Dawson, Quart. Jour. Geol. Soc., vol. xviii, pp. 298, 316, pi. xii, fig. 8; 

pi. xvii, fig. 53. 

1863. Leptophlceum rhombicum Dawson, Am. Jour. Sci., 2d ser., vol. xxxv, p. 462, pi. xviii, fig. 19. 
1863. Ijcptophlcmm rhombicum Dawson, Proc. Portland Soc. N. H., vol. i, pt. 2, p. 100. 

1863. Leptophlceum rhombicum Dawson, Second Rept, Nat. Hist, and Geol. Me., 1862, p. 404. 
1863. Leptophhtum rhombicum Dn., Logan, Geol. Canada, p. 885. 

1870. Leptophlceum rliombicum Dawson, Nature, vol. ii, p. 86, fig. 2. 

1871. Leptophlceum rhombicum Dawson, Foss. PI. Dev. and Upp. Sil. Can., pp. 36, 85, pi. viii, figs. 88, 89. 

1872. Leptophlceum rhombiaim Dawson, Proc. R. Inst., vol. vi, p. 168, fig. 2. 

1873. Leptophlceum rhombicum Dawson, Quart Jour. Geol. Soc, vol. xxix, p. 369. 
1878. Leptophlceum rhombi/yum Dn., Etheridge, Cat. Australian Foss., p. 31. 

1880. LepUtphlonim rhombicum Dn., Lesquereux, Coal Flora, vol. i, p. 460. 

1880. Leptophlceum rhombicum Dawson, Chain of Life, p. 98, fig. 90. • 

1882. leptophlceum rhombicum Dawson, Foss. PI. Brian and Upp. Sil. Can., pt. 2, p. 105. 

1887. Leptophlceum rhombicum Dn., Sojms-Laubach, Einl. d. Paliiophytol., p. 205. 

1888. LeptophlaMm rhombicum Dn., Johnston, Geol. Tasmania, p. 81 (syn. in part). 
1888. Leptophlceum rhombicum Dn., Schenck, Foss. Pflanzenreste, p. 64. 

1862. Stigjnaria sp., Dawson, Quart. Jour. Geol. Soc, vol. xviii, opp. p. 329. 

1863. Stigmaria pusilla Dawson, Proc. Portland Soc. Nat. Hist., vol. i, pt. 2, p. 100, pi. ii, fig. 1. 
1863. Stigmaria pusilla Dawson, Second Rept. Nat. Hist, and Geol. Me., 1862, p. 403. 



72 



GEOLOGY OF PERRY BA8IN, SOUTHEASTERN MAINE. 



branching or of leafy twigs or cones, such as are figured by Dawson.^ The oriof- 
inal of the figure of a branch published by him I have not seen, but if it is 
correctly illustrated it precludes the reference of such forms as Lf^piihfsfrohns 
gloho,}us to this species, as might otherwise be suggested on the circumstantial 
evidence of their association in the same bed. I should also add that the leaves 
or leaf fragments described by Dawson or contained in our collections, on account 
of their narrow forms, corres|>onding in width to the leaf scars, and their •i-^.o 
elation in the same bed, are assumed to ]>elong to the species descrihcd al><)\c. 
None have, I believe, been found attached to the large bolsters. 

In some of the cortical fragments the relief of the bolsters is so slioht tlmt 
they are visible only under proper illumination. The cuticle illustrated by Daw^nn ' 
as /Stifjmarmpusiflau,ppeQ,YS to represent such a portion of LiptitpJiUtuin rltninhninn, 
and it is accordingly here included under the same name. The more rounded 
form of the scars is hardlv different from that seen on some of the more distinct Iv 
marked fragments of LeptophUeum stems. 

The species of Palaeozoic plants to which L*ptophlannn rlupmh!<'m,, is ino-t 
closely related is undoubtedly that described and illustrated by C'arrutlier>, l''ci>t 
mantel,^' and others as Lepidodendnm nothiun Unger. The latter plant. \\\\\\\^ 
evidently different from Unger's uncertainly defined specii^s,' has been re<xJii'dcd Ky 
a number of paleobotanists, including Carruthers and Solnis-Lauhacli. ' as idcniiial 
with the Perry plant. The concordant characters in support of (lii> union of the 
two species are certainly both striking and interestint,^ () 
our PI. VI, Fig. 1, of Dawson's original type,^ or Dawsou'^ 
specimen, pi. xxvi, fig. 7, of the Eighteenth volume of tl 
logical Society of London, to be at once impn^ssed wit I 
aspect of the stem, including both the normal rhoinhic ho 
or foreshortened leaf cushions. This superficial aai-et iikmi 
by the cicatricule or ligular scar in the apex of the l)ol>te 
13, and 14 of Carruthers's plate, or the central leaf scar> ii 
same plate. There is even a close identity in the ouilii 
shown in figs. 8 and 9 of the cited plate. 

Against the actual identity of these sptnies, whicli wa 
Dawson,'* we have to mention, first, the sinyular le|)id<»|)li\ ll< 
ruthers as attached to the stem; and, second, the ap[)an!it lii- 



"Qiinrt. Jour. (Jeol. S<x'. London, vol. 19, 1M>:}. pi. wiii. tm i.» 
fePmc. Portland Boo. Nat. Hist., vol. 1, pt. 2. In;;',. |.1. ii, I'm 1 
oQiiart. Jour. Geol. Soc. London, vol. 2><. 1^72. \>. ;u;. pi. \ \\ i 
rfCoal and Plant-Bearingr Bods of Ea'^t Au.'«tralia aiitl iaM'i.iuii. i^ -" i 
eDenkschr. K. Aknd. Wiss.. Wien. math.-njit. CI., vol. 11. l>>t. j. i7 • 
/ElnleitunRd. Paliiophytologio, is.s7, p. iO.'S. 

C No. *^<'* of the collet'tion of the American Mu^miii <>t Natural II. -' ■ 
*FoHsil Plants Erian and Upper Silurian ("uiia<la. j.t. _'. issj p :m . 
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seal's from the cushions in which the cicatricules, which I interpret as ligular, are 
present in the apices. Carruthers and others appear to regard the apical and the more 
nearly central scars as identical and as indicating mere variation in the position of the 
leaf scar. Such an interpretation can not be admitted for our American specimens; in 
fact, the specimens in hand with normal bolsters fail to show the leaf scars at an}^ 
considerable distance above the center, such examples as Figs. 2 and 3, or ^ V-* of the 
American Museum of Natural History being comparable only to fig. 10 of Carruthers's 
plate, or possibly to the obscure markings shown in one or two of Feistmanters fig- 
ures. In the Perrv type, PI. VI, Fig. 1, obscure traces of leaf bases are possibh^ 
present, but they are not sufficiently clear for delineation. Nothing of the special 
form shown by Carruthers is present. The American plant differs also in the 
absence of carination in the bolsters, such as is shown in fig. 9 of the plate." The 
Perry plant appears to be also related to the Lepidodendron austraU of McCoy,* with 
which the Queensland plant of Etheridge, referred to above, is regarded as identical 
by Etheridge^ and Kidston,** though both of 'these authors recognize the separation 
of Leptophl(eiun. rhomhicum. Both of the Australian stems, which in some cases 
seem to have been associated, are, I believe, to be referred to the genus Lepto- 
p/il<jeum. To the same group, if not to L. rhombicum itself, is to be referred the fos- 
sils from the region of the Ogur, in eastern Siberia, described by Schmalhausen^ 
as Bergeina, 

In the first part of Nathorst's Paltozoischen Flora der Arktischen Zone there 
is figured as Bergerla a specimen from the Devonian of Spitzbergen which, so far as 
its details are given, appears to conform so completely with Leptophlamin rhan^hi- 
cum that it is difficult to regard it as not belonging to the same species. 

The type specimens of Leptophlceiun rhornhiciun are Nos. ^V^ ^^^ ^V^ ^^ the 
American Museum of Natural History. 

LEPIDOSTROBUS Brongniart. 

Prodrome, 1828, p. 87. 

LePIDOSTROBUS i! GLOBOSUS Dn. 

PI. VI, Figs. 5, 5a. 

1862. Carpolithes sp., Dawson, Quart. Jour. Geol. Soc. London, vol. xviii, opp. p. 329. 

1862. Lq)ido8trobit8 globoms Dawpon, Quart. Jour. Geol. Soc. London, vol. xviii, p. 298. 

1863. Lepidostrobus globosus Dawson, Am. Jour. iSci., 2d ser., vol. xxxv, p. 313. 
1871. LepidoHtrohns globosiis Dawson, Foss. PI. Dev. and L'pp. Sil. Can., p. 35. 
1884. LepidoMrobus ghbosus Dn., I^esquereux, Coal Flora, vol. iii, pp. 850, 893. 

o Several of the fifirures in Etheridge' 8 original paper arc reproduced in Etheridge and Jack, Geology and Paleontology 
Queensland, 1892, p. 196, pi. v. 

b Prodrome Paleontology Victoria, dec. 1, 1874, p. 37, pi. ix. 

r Records Geol. Survey New South Wales, vol. 2, 1891, pt. 3, p. 119. 

rf Jack and Etheridge, Geology and Paleontology Queensland. 1892, p. 196. 

eBull. Acad. Roy. St. Petersburg, MC*1. phys. et chem., vol. 9, 1876, pp. 630, 631, pi. xx, figH. 5, 6. 
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1863. Carpolithea spicatus Dawson, Quart. Jour. Geol. Soc. London, vol. xix, p. 461, pL xvii, fig. 15. 

1871. Carpolilhes spicatus Dawson, Fobs. PI. Dev. and Upp. Sil. Can., p. 62. 

1880. CarpolUhes spicatus Dn., Lesquereux, Coal Flora, vol. ii, p. 598. 

1888. CarpoUihes spicalas Dn., Schenk, Fobs. Pflanzenreete, p. 99. 

Small, oblong bodies, consisting of a very broad fleshy axis about 5 mm. in width, 
traversed by a slender strand; bracts close, very small, about 2 cm. in length, ovate, 
acute or acuminate, concavo-convex, arching upward above the middle, dorsally 
broadly carinate; sporangia unknown. 

The specimen illustrated in PL VI, Fig. 5, is one of only two specimens of this 
type in our collections. As shown in the enlarged detail, Fig. 5*, the scales are pro- 
portionally very broad toward the base and are pocketed in the flexure. A peculiar 
feature suggestive of Leptophloium and some forms of Lepidophloios is the small 
axial strand seen in Fig. 5*. It is not clear in the specimen before me whether the 
scales surrounded the axis or were confined to the lateral borders of a flat medial 
bod}', but the former appears much more highly probable, and, in fact, such an 
arrangement must have been present in Dawson's type of the species. 

In the absence of knowledge of the definite arrangement of the scales and 
sporangia it is impossible to determine the exact nature of the fossil in hand. But 
from the form of the scales and the indications of attendant sporangia I am disposed 
to regard it as perhaps belonging to Lepidostrohis, If such it proves to be, it may 
eventually be correlated with Leptophl/Bum rhmnhicxim. The bracts have somewhat 
the aspect of the smallest scales of Barlnophyton perriajium. It is possible, how- 
ever, that they are but dense chaffy scales on the rachis of a young fern. 

In portions of the specimens the scales arch upward so as to appear like small 
ovate or roundish bodies on the borders of the axis. To this appearance is doubt- 
less due the description, as CarpoUthes spicatus^ of a specimen ^ which can hardly be 
other than the same species as the example here figured. I therefore do not hesi- 
tate in uniting the species referred to with that from the same type locality very 
briefly described, without illustration, as Lepidostrohm glohosus. The aspect of the 
profile of these specimens suggests that the record of the occurrence of Lepuloden- 
dron gaapiamun at Perry may possibh' have been based on a similar fragment. 

LEPIDOCYSTIS Lesquereux. 

Coal Flora, Atlas, 1879, p. 13. 

Lepidocystis siliqua (Dn.) D. W. 

186.3. Carpolithesf siliqfua Dawson, Quart. Jour. Geol. Soc. London, vol. xix, p. 465, pi. xvii, fig. 4. 

1880. Carpolithesf siliqiui Dn., Lesquereux, Coal Flora, vol. ii, p. o98. 

1871. CarpoUthes siliqua Dawson, Foss. PL Dev. and Upp. Sil. Can., p. 62, 86. 



aR^arded by Dawson as probably the fruit of Arilirogtigmn fjracile: Fossil Plants Devonian and Upper Silurian 
Canada, p. 62. 



DESCRIPTIONS OF THE FOSSILS. 75 

Oblong to linear-oblong, 1.5-4 cm. long, 3.5-8 mm. wide or 15 mm. in width 
when spread out, rounded or truncate-rounded at one end, usually slightly arcuate, 
obtuse or obtusely rounded at the other end, thinly carbonaceous, minutely granulose. 

This species, described by Dawson as Carpolithes dliqua^ appears to be repre- 
sented by nujnerous specimens, the largest of which has nearl}^ the proportion and 
form illustrated in the figure given by Dawson. The greater number, however, are 
but about one-half the length of the latter, the width being nearly the same as in 
Dawson's original. In one of the specimens collected last year and another in the 
cabinet of the Portland Society of Natural History the sporangium is spread out so 
as strongly to resemble the specimens described by Lesquerjeux as Lepidocystis 
fraxinifortnis (Goepp.), to which the Perry plant was compared by him. The 
sporangium wall is relatively thick and destitute of . structural features, though, 
in a few instances, a very fine and faint striation, perhaps due to the cell arrange- 
ment in rows, is, under a strong lens, discernible. On account of the coarseness 
of the matrix it is impossible to differentiate the sporangial contents. A few small 
megaspores, 0.4 mm. in diameter when flattened, and minutely granulose or 
obscurely meshed, are found in association. The latter are perhaps indistinguish- 
able from SporangiteJi JdcksonL • 

Like the lepidocysts of the lower Mississippian, these specimens vary greatly 
in dimensions, and, while they seem to be true spore cases, they do not agree in 
uniformity of size or of form with the species of Lepidostrobus in the Coal Meas- 
ures, and it is not certain that they are referable to any recognized lepidophytic 
type. On the contraiy, it is not impossible that they belong to quite another, and 
perhaps lower, group of plants. 

Lepidocystis inquisitus D. W. 

PI. IV, Figs. 12, 13, 14. 

Sporangia small, asymmetrically ovate to oblong, slightly arcuate, 4-8 mm. long, 
2-3 mm. wide, somewhat wider and more broadly rounded at one end, narrowing a 
little toward the other end, minutely granular-carbonaceous. 

The general aspect and the variation in form of these spore cases are shown in 
PI. IV, Figs. 12, 13, and 14. The coarsely granular matrix renders it impossible to 
discern the characters of the spores. The fossils are rather densely carbonaceous, 
and this fact, taken with the variation in form, led me at first to think they might 
be mere waterworn pieces of wood. But they lack traces of the fibrous texture 
of wood and are not suflSciently thin to represent fragments of cuticle. Moreover, 
nearly all show the inequality of the ends and the arching. Consequently they 
are, I believe, to be regarded as sporangia. In general they appear to be of the same 
nature as the Lepidocystis siliqua described above, the chief differences being the 
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much smaller size, proportionally broader form, and more delicate texture. It 
appears probable therefore that these two species are congeneric. It is possible, 
however, that L, inquisitus may have been derived from some such type as Barhio- 
phyton Richardson L 

SPORANGITES Dawson. 

Can. Nat., vol. viii, 1863, p. 454. 

Sporangites Jacksoni D. W. 

n. VI, Figs. 6, 6». 

Spore masses oblong or elongated, attaining a length of 4 cm. or more, and a 
width of 1 cm.; megaspores of irregular form, due to compression, averagincr {i})out 
4 mm. in diameter as flattened, not very rigid, minutely shagreened, and marked by 
a small mamillate point. 

Among the fossils placed in m}" hands through the courtesy of the Boston 
Society of Natural History, I have found a portion of an agglomeration of nu^ou- 
spores partially exposed at the edge of one of the rock fragments. No. ♦UisT of {W 
society's paleontological collections. The removal of a portion of th(^ coviM-inu 
matrix revealed what appears to be two partially overlapping spore niasscv^, us sho^^ n 
in PI. VI, Fig. 6. They consist of a slightly brownish rock medium, not vt i y dens* I v 
crowded with the large and somewhat irregularly shaped spores, as illustrat((l in {\\o 
enlarged Fig. 6*. The spores are very finely shagreened and seem to b(' marked l)y 
a small mamillate point. The thickness of the compressed s|)oro mass in tho (cntt r 
was nearl}'^ 2.5 mm. From the disposition of the spores and the form ol" (Iir mas-o 
I am disposed to regard the former as practically in place, and the ma>s a> ilw undis- 
turbed contents of large spore sacs, the full size of whicli is not shown in thoc 
specimens. It is possible that they may have been derived from a h^[>id()(\ st <»( the 
type of LepidocystiS siliqiM^ though specimens of that spinies scimh in orncMal not - > 
large. Such a correlation is slightly favored by the presence of a single >imihn >|)miV..^'. 

4 

on a shale fragment nearly in contact with an example of the same t'oiin. I low ex ( i . 
it is possible, on the other hand, that the spore agglomeration is of (juitt' diih inn 
origin. It is not possible from the specimens in hand to asccMtain wlicthiM- -poK - 
more than one kind were contained in the same mass. 

The specimens of Sjnyrcmgife>< JacJcsoni are larger and less ritrid thi/j;^ 
Sj)ora7ig!te8 Hurontrins Dn. of the Genesee shale, or tlie otht r mii^a-j 
the Devonian described bv Dawson. 

The species is named in honor of Dr. C. T. Jackson, the lir>t u^oloji 
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CORDAITES Unger. 

Gen. et Sp. PI. Foss., 1850, p. 277. 
CORDAITES FLEXUOSU8 Dn. 

1862. Cardaites sp,f Dawson, Quart. Jour. Geol. Soc. London, vol. xviii, opp. p. 329. 

1863. Cordaites {PychnophyUum) flexuosus Dawson, Proc. Portland Soc. Nat. Hist., vol. i, pt. 2, p. 100, 

pi. ii, fig. 4. 
1863. Cordaites flexuosun Dawson, 2d Rept. Nat. Hist, and Geol. Me., p. 403. 
1863. Cordaites {Pychnophyllum) flejnwsus Dawson, Quart. Jour. Cfeol. Soc. London, vol. xix, p. 462, 

pi. xvii, fig. 9. 
1871. Cordaites flexuosus Dawson, Foss. PI. Dev. and Upp. Sil. Can., pp. 44, 85. 
1880. Cordaites flexuosus Dn., Lesquereux, Coal Flora, vol. ii, p. 544. 

Leaves lanceolate, acuminate, broad at the base; nerves numerous, parallel, 
somewhat sinuous and uneven. 

In the collections before me I have seen but a single fragment which would 
appear to be referable to this little-known species, first described from Perry. 
The specimen in hand, while appearing to represent the form described bj^ Dawson, 
offers nothing in support of the reference of the fossil to the genus Ccrrdaites, 

Not having seen the original type, I quote the diagnosis given b\' Dawson. 
No other example has, so far as I am aware, been figured or described. The 
inclusion of this species in Coi'daites by Dawson was regarded by him as provisional, 
its true affinities being ''quite uncertain.'' 

Cordaites? axgustifolius Dn. 

1861. Cordaites angustifoliiis Dawson (non Lx. ), Can. Nat., vol. vi, pp. 170, 176, fig. lie. 

1862. Cordaites angustifolius Dawson, Quart. Jour. Geol. Soc. London, vol. xviii, p. 318. 

1863. Cordaites angustifolius Dn., Logan, Geol. Canada, pp. 394, 399, fig. 428. 
1868. Cordaites angustifolius Dawson, Acad. (Jeol., pp. 534, 546. 

1871. Cordaites angustifolius Dawson, Foss. PI. Dev. and Upp. Sil. Can., p. 44, pi. xiv., fig. 163. 

1880. Cordaites angustifolius Dn., Lesquereux, Coal Flora, vol. ii, p. 544. 

1882. Cordaites angustifolius Dawson, Foss. PI. Erian. and Upp. Sil. Can., pt. 2, p. 106. 

1889. Cordaites angustifolius Dawson, Trans. R. Soc. Can., vol. vi., sec. 6, pp. 29, 34. 

Portions of very slender, rather thick, straight or gently curved leaves, 3-5 mm. 
in width, exceeding 8 cm. in length, regularly lineate with fine, parallel, distinct, 
longitudinal nerves; apical and basal portions of the leaves unknown. 

The fragments which are here provisionally placed under this name appear to 
conform with the characters of the specimens described and figured by Dawson 
from Gaspd. 

Little can be said of the real nature of the plants included in this species. 
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Some of them may be fern stems. The species is stated by Dawson '' in one of his 
later papers to be of a doubtful nature. 

The plants from St. John included by Dawson in the same species repres(»nt an 
entirely distinct type. 

CARPOLITHES Schlotheim. 

Petrefaktenkunde, 1820, p. 418. 

Carpolithes confinis D. W. 

PI. IV, Fig. 11. 
1871. Carpoliihesf Daweon, Fobs. PI. Dev. and Upp. Sil. Can., pp. 64, 90, pi. x, fig. 125. 
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1S63. Carpolithes lunat us Dawson, Quart. Jour. Geol. Soc. Loinlon, vd. xi\. {.. i'.4. jl. w; 
1871. Car}X>iiths lunatus Dawson, Foss, PI. Dev. and Tpp. Sil. Can., \>\k ♦;:'.. ^«i 
1880. Carpolithes lunatus Dn., Lesquereux, Coal Flora, vol. ii, p. ,'>♦)>. 

Base rounded regularly, apex broadly truncate aiul iim. lojiat* . im. In:- 
surrounded with a narrow margin. 

I have seen no specimens I'epresenting this form, dt^^ni'**-! l.\ l^iw-. n. i- 
above, from a single specimen found at Perry. FiDin tht» iii:i;r<' ■ y^^^t^'j^ ^.j 
author the systematic position and even the nature of tli«^ t'o-^^il \\ oi.lj^ 
absolutelv uncertain. In form and size it closelv simulate^ a l>oUt< 
Devonian Bergeria-Lepidodendra. 



of one of 



f^. 



» I 



Ovate, about 6 mm. in length and 4.5 mm. in width a little below tin* niiddlo. , 

asymmetrical, curved slightly to one side, very obtuse, obscurely apiculato, attacluMl ^ \ 

by more than one-half its width, nearly flat in the impression, lineate parallel to tlir ' 'I 

border, more strongly marked toward the base. 

The fossils above described are tentative^ placed in the genus Cff/'/^n/Zf/os, 
although from the evidently broad attachment irregularly fractured at tin* ha^c a-^ 
shown in PI. IV, Fig. 11, and from the rather thick substance there would appear to 
be some reason for regarding them as merely scales, possibly comparaMo to tlio-t' 
of Barinophyton perrianum. The broad basal attachment, tlie asyimm trie al form. 
and the absence of all traces of a border argue against the reftMviar ^^i th« typr to ^ 

the genus Cardiocarjxm, 

From a comparison of the details of the figure of a spci iiiim fmrn (ia^p«' 
published b}' Dawson,* with doubt as to whether the oi>jo(t wa^ a (ar[H.Iiir or a 
concretion, I am disposed to regard it as identical witli tin* >[>(( k^ in limi 1. 

Carpouthes lunatus Dn. 
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Stems — Dadoxylon ? 

I find in the various collections a number of specimens labeled, apparently by 
Dawson, as Dadoxylon and ''stems of Cordaites.^'^ One of these, in the collection 
of the Portland Society of Natural History, is the counterpart of the specimen 
well figured in Dawson's paper on Further Observations on the Devonian Plants 
of Maine, Gasp^, and New York." It is simply an impression, and promises noth- 
ing further regarding the structure of the stem itself. Other examples appear to 
represent long, straight fragments of striate or lineate stems, one of which has a 
width of over 3 cm. 

These fragments are of little value and I suspect are paleontologically indistin- 
guishable from the material from the Chemung of New York earlier described as 
Rhachiopteris cyclopteroides Dn.* The latter species was never figured and is not 
at present identifiable by the literature. No further description of gymnospermous 
woods from the Perry beds seems to have anywhere been published,*^ and none of the 
specimens that have passed through my hands appear to ofl'er sufficient characters 
for a generic identification. 

Additional Plants. 

The following additional plants were reported by Sir William Dawson from 
Perry, but were not seen by the writer and are not included in the preceding review: 

Aporoxylon^ recorded,^ but not figured nor identifiably described. 

Calamites sp., entered in the Maine column of the table, Fossil Plants Devonian 
and Upper Silurian Canada, 1871, page 85; probably by error, since it is not elsewhere 
mentioned in the literature relating to Maine. 

Caulopteris LocJcwoodi Dn., of the Devonian at Gilboa, N. Y., is similarly 
entered in the Maine column only, but is nowhere else mentioned in connection with 
material from Maine. The entry is evidently an error. 

Fillcites incertab iedis^ published in 1863,* belongs to the genus Otidophyton^ and 
possibly to O, hyinenophylloides^ though regarded by Dawson as possibly belonging 
to PlatyphyUum Bromnicmuin, 

HymenophyUites sp., not recognizably described and not illustrated, appears to 
have been abandoned after its first publication in 1863.-^ It may be a young fertile 
pinna of Archaeopteris, 

Lepidodendron gaapianum^ reported by Dawson ^ as represented from Perry in 

a Quart. Jour. Qeol. Soc. London, vol. 19, 1863, p. 460, pi. xviii, fig. 20. 
b Quart. Jour. Geol. Soc. London, vol. 18, 1862, p. 823. 

<^Loc. cit., opp. p. 329. Proc. Portland Soc. Nat. Hist., vol. 1, pt. 2, 1863, p. 100. Second Rept. Nat. Hist, and Geol. 
Me., 1862 (1863), p. 460. 

<! Quart. Jour. Qeol. Soc. London, vol. 18, 1862, pp. 299, 307. 

« Quart. Jour. Geol. Soc. London, vol. 19, p. 464, pi. xvli, figs. 10, 10b. 

/Proc. Portland Soc. Nat. Hist., vol, 1, pt. 2, p. 100. 

Canadian Naturalist, vol. 1, No. 3, 1861, p. 174. 
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the collections of the Portland Society of Natural Histoi*y. I have seen no identi- 
fiable specimens. Two small fragments of stem in the latter collection appear to 

» 

have the remains of leaf cushions, but they do not seem to be spirally arranged, nor 
do they show scar characters. The vestiges which possibly represent leaves tire 
suggestive of the spines of Arthrostigma, One of the fragments resembles, 
however, that figured by Cr^pin from the Devonian of Belgium as Lepldodendron 
gaajyiamtm Dn. 

^' Mtgaj)hytan?'^'^^ is not illustrated or sufficient!}' described for reco^niition. 
The genus is ignored in all references to or lists of Perry plants published after I8r»j. 

PHilophyton elegana and P^. gldhrum^ recorded in 1863* as doubtfully idcuitiiicHl 
at Perry, are not afterwards mentioned as occurring in Maine. Without exami- 
nation of the types or t3'pe material it is not possible to det(»rmine whothcn- tiny ^^r 
of the material which is provisionally described in this paper under tlie hi^ad of | j 
Ph. pr!ncej)sT>VLv;son^ but which is shown not to be the true Pat, jn^incejfs^ is really JrV ; 
referable to PsilojyhyUm glabrnm. l" 

i 

AGE OF THE PERRY FORMATIOX. :. 

\ 
Having concluded the critical examination and description of the fo>sils of tiic ► 

Peny formation, I have now to review the evidence of the g(MUMji and ^pccii^ u^ 

to the age of the formation itself, and thus to determine whether the htui-. are really 

Devonian, as was believed bj- Dawson and others, or whether, aftei all, a^ has lu en /t j 

recently supposed by some geologists, they are not a part of (he (arlMniift i(ni> ►q i 

series. vy \ 

DISTRIBUTION OF THE SPEC lES. f ^ 

T^moci'ada polmnta is unknown elsewhere and represents a type ^^i iiljja. which 
ma}' have close allies in various periods. JB it 

Platyphylhnn Brown iainim^ recorded from the upper Hi^voniaii of N«mv York ^| -^* 

and Bale des Chaleurs, and erroneously from Scaunienae, also appeal^- to )►«> prr^cnt 
in the Devonian of Klaas-Billen Bay, Spitzbergen. The remainiiii: >pe( ii^ «)t ih* 
genus are upper Devonian, Platyphyllum trnnoitiun and /'. Umj. ,•><', IxinLj tinii 
the Catskill of Pennsylvania. 

Archceopteris is primarily a genus of the middle and uppei* I)e\oiiiaii. thou_:i;i! 
represented in the Carboniferous also, the later speeie> hein^ in ?i< arl\ all . a-* - 
characterized b}^ very narrow or lobate pinnules; fruetilieaticui «»t t hv^( (.mnmniti 
form, like that of A. hiheimlca^ A, }ninof\ A. liotftrs!, \vd< not 
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Carboniferous. The Perry species of the gemis helont: to the « v* 



related group represented by A, hihcmlra and A. mnxn. ( Imiii^ 
upper Devonian, particularly the Catskill and Cheniuno, of 
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Archs^opterh JachiiOiu^ also found in the Devonian at Scaumenac and Restigouche 
Bay, is closel}' related to A, minon^ of the Catskill and Chemung in Pennsylvania, 
and in sterile forms is not readily distinguished from A, gaspiensis. A, Roger d^ 
present in the Chemung of New York and at Montrose and Meshoppen in Penn- 
sylvania, is very closel}^ related to A. Roemerlana of the upper Devonian of 
Europe and the Arctic regions. The development and position of the sporangia 
in A, Hltchcocki relate the species intimately to the fructification described as 
Sphenopteri^ condriisoncm from the upper Devonian of Belgium, and, less closely, 
to the fructification of ^. minor of the Catskill of Pennsylvania. A plant frr r^ 
the upper Devonian of Belgium having the aspect of that here described as 
Otidophyton has been referred by Cr6pin to A, hihemica. 

The peculiar type of plant described as Barrandelna perricma is perhaps identi- 
cal with that from the Hamilton of New York figured by Dawson as ^'Cordaites?'^\ 
while it is otherwise most nearly comparable to the B. Duslianum from Barrande's 
H-hl stage. Both the genus Barrandeina^ to which I have referred the species, 
and Anarthrocanna^ under which Dawson placed it, are upper Devonian genera. 

Rhachioptei*is pinnata is also from the middle Devonian of New York, while 
R, punctata^ which is doubtfully recorded in the Perry flora, occurs in the Ithaca 
shales of central New York and the Chemung at Gilboa, N. Y. 

The plant fragment tentatively referred to Splienopteridium seems to have, 
its relatives in the Devonian of the Rhine region and in the basal lower Carbon- 
iferous of Europe. I interpret it as representing a group generally characteristic 
of the lower Carboniferous. 

Dimeripteris is known onl}^ from the Devonian. D. incerta, found typically 
in the Hamilton of New York, is possibly inseparable from D. fasciculata of the 
Donetz Devonian, while we find a very closely related form under the name 
Cephalotheca mirahilw in the upper Devonian of Bear Island. D. recurva like- 
wise seems to have its onl}^ near relatives in the Donetz, though it is possibly 
closely allied to a form illustrated by linger from the Cypridina beds of Thuringia. 
It is, however, comparable in some respects to Sphenopteris flexUis Heer, from 
the basal Carboniferous of Spitzbergen. 

Sphenopteinif filicxdn^ if correctly diagnosed, belongs to a group of species, 
including S, affinis and S, movavica^ which is, in general, characteristic of the 
• basal Carboniferous. However, a type extremely similar to that in hand, and per- 
haps specifically identical, has been figured by Nathorst from the Devonian of 
Spitzbergen. Both closely resemble material from the American Pocono that has 
been identified with the S. jla<^cida of the Devonian of Condroz. They should be 
compared also with Stur's Sporochnus Krejci from the H-hl stage (upper Devonian) 
in Bohemia. 

10325— No. 35—05 6 
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the collections of the Portland Society of Natural Histoi*y. I have seen no identi- 
fiable specimens. Two small fragments of stem in the latter collection appear to 
have the remains of leaf cushions, but the}' do not seem to be spirally arranged, nor 
do they show scar characters. The vestiges which possibh' represent leaves are 
suggestive of the spines of Arthrostigma, One of the fragments resembles, 
however, that figured by Cr^pin from the Devonian of Belgium as Lepidodendron 
gaspianuvi Dn. 

^' Mega2)hyton?'^''^ is not illustrated or sufficiently described for recognition. 
The genus is ignored in all references to or lists of Perr}' plants published after 1862. 

PHilophyton elega?i4i and Ps. glabrum, recorded in 1863* as doubtfully identified 
at Perry, are not afterwards mentioned as occurring in Maine. Without exami- 
nation of the types or t3'pe material it is not possible to determine whether any 
of the material which is provisionally described in this paper under the head of 
Pfi, princeps Dawson, but which is shown not to be the true Ps. jyrinceps^ is really 
referable to PHilophyton glabrum, 

AGE OF TIIE PERRY FORMATIOX. 

Having concluded the critical examination and description of the fossils of the 
Perry formation, I have now to review the evidence of the genera and species as 
to the age of the formation itself, and thus to determine whether the beds are really 
Devonian, as was believed by Dawson and others, or whether, after all, as has been 
recentl}' supposed by some geologists, they are not a part of the Carboniferous 
series. 

DISTRIBUTION OP THE SPECIES. 

Txniocrada pahiiata is unknown elsewhere and represents a type of alga, which 
may have close allies in various periods. 

Phityphylluin Brownianuin^ recorded from the upper Devonian of New York 
and Bale dos Chaleurs, and erroneously from Scaumonac, also appears to be present 
in the Devonian of Klaas-Billen Bay, Spitzbergen. The remaining species of the 
genus are upper Devonian, Platyphyllum truncatuiii and P, Roget'si being from 
the Catskill of Pennsylvania. 

ArehivopferU is primarily a genus of the middle and upper Devonian, though 
represented in the Carboniferous also, the later species being in nearly all cases 
characterized by veiy narrow or lobate pinnules; fructification of the common 
form, like that of ^4. h!ht.'7mica^ A, minor ^ A, Pfxjrrn!^ has not been found in the 
Carboniferous. The Perry species of the genus belong to the extremely closely 
related group represented by A, hlhernlca and ^1. in!noi\ characteristic of the 
upper Devonian, particularly the Catskill and Chenmng, of eastern America. 

a Canadian NatiiraliHt. vol. fi, Xo. 3. p. 175, 

& Quart. Jour. Geol. Soc. London, vol. 19. p. 4r»2. 
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Archieipptei'h Jachaoni ^ also found in the Devonian at Scaumenac and Restigouche 
Bay, is closel}' related to A, miiim* of the Catijkill and Chemung in Pennsylvania, 
and in sterile forms is not readil}' distinguished from A, gaspiensis. A. Rogersu 
present in the Chemung of New York and at Montrose and Meshoppen in Penn- 
sylvania, is very eloseh' related to A, Roeineriana of the upper Devonian of 
Europe and the Arctic regions. The development and position of the sporangia 
in ^1. Hltchcocki relate the species intimately to the fructification described as 
Sphenopterhi condrmoriun from the upper Devonian of Belgium, and, less closely, 
to the fructification of ^. mimyt' of the Catskill of Pennsylvania. A plant frri-* 
the upper Devonian of Belgium having the aspect of that here described as 
Otldophyton has been referred by Cr^pin to A. hibemica. 

The peculiar type of plant described as Barrandeiim j><^^"Tiana is perhaps identi- 
cal with that from the Hamilton of New York figured by Dawson as ^^Cordaites?-\ 
while it is otherwise most nearly comparable to the B. Duslianum from Barrande's 
H-hl stage. Both the genus Barrandeina^ to which I have referred the species, 
and Anarthrocnnna^ under which Dawson placed it, are upper Devonian genera. 

Rhachioptei^is pinnata is also from the middle Devonian of New York, while 
li, punctata^ which is doubtfully recorded in the Perry flora, occurs in the Ithaca 
shales of central New York and the Chemung at Gilboa, N. Y. 

The plant fragment tentatively referred to Sphenopteridium seems to have, 
its relatives in the Devonian of the Rhine region and in the basal lower Carbon- 
iferous of Europe. I interpret it as representing a group generall}^ characteristic 
of the lower Carboniferous. 

Dhneripteri^ is known only from the Devonian. D, incerta, found typicall}^ 
in the Hamilton of New York, is possiblj^ inseparable from D, fasciculuta of the 
Donetz Devonian, while we find a very closely related form under the name 
Ceplialotheca mirabilh in the upper Devonian of Bear Island. D, recui^a like- 
wise seems to have itj onl}^ near relatives in the Donetz, though it is possibly 
closely allied to a form illustrated by linger from the Cypridina beds of Thuringia. 
It is, however, comparable in some respects to SpheTwptet^is flexUis Heer, from 
the basal Carboniferous of Spitzbergen. 

Sphenopterh jilicula^^ii correctly diagnosed, belongs to a group of species, 
including S. affinis and S. mm*avica^ which is, in general, characteristic of the 
• basal Carboniferous. However, a type extremely similar to that in hand, and per- 
hax>s specifically identical, has been figured by Nathorst from the Devonian of 
Spitzbergen. Both closely resemble material from the American Pocono that has 
been identified with the S. jlaccidAt of the Devonian of Condroz. They should be 
compared also with Stur's Spon^ochnvs Krejci from the H-hl stage (upper Devonian) 
in Bohemia. 

10325— No. 35—05 6 
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All the species described as Psilophyton^ with the exception of elegans^ whose 
generic reference is doubtful, appear to be Devonian, though Psilophyton priiiceps 
was also reported by Dawson from beds at Gasp^ which are regarded by many 
geologists as lying below the base of the Devonian. It is characteristically a 
Devonian genus. The specimens which I provisionally place with the smooth- 
costate group included by Dawson in Ps, princeps are by the form of their ter- 
minal laminsB most closely bound to the Psilophyta from Campbellton and from the 
Catskill of New York. The same chai'acters appear in the congeneric Hostin€ll<i hos- 
tinensis from the upper Devonian (H-hl stage) of Bohemia, and the species of PsUo- 
phyton of the "Old Red Sandstone" of Scotland. Stem fragments of the smooth 
PMophyton type are also found in the Devonian of Bear Island and Spitzbergen. 
Psilophyton alcicorne appears to be nearest to the Campbellton material referred 
by Dawson to P%. princeps^ though its real aflSnities are not known. 

The fragment doubtfully referred to Paleostachya fails to reveal nodes and the 
verticillate structure essential to the genus, which is Carboniferous, and has very 
little stratigraphic value at present. 

Barinophyton is a special and veiT peculiar type, not elsewhere known outside of 
the Devonian. It is represented by B, obscurum in the Devonian of New South Wales, 
and probably by the plant erroneously described as Ptilophyton Thompsoni from the 
Devonian of Scotland. Barinophyton Richardsoni is perhaps present in the Gasp^ 
section.^ B. perrlana appears to be present in the Devonian at Campbellton. 

The generic characters of the plant named LycopoditnH comosus by Dawson are 
not clear, but the general aspect of the fragment as figured is such as is common in 
the slender branching lepidophytes of the Carboniferous, though species of generally 
similar aspect are not unknown in the uppermost Devonian. Too little is known of 
the details of the plant to entitle it to any importance in stratigraphic correlation. 

In Leptbphlceum we have another peculiar lepidophytic type, which appears to 
combine a bothrodendroid leaf scar with a distinctly lepidodendroid bolster. It is 
quite distinct from the Bergeria or subepidermal state of Lipidoderulroii, So far as 
known, LeptophliBum is distinctly Devonian. Z. rhomhicum is reported from the 
middle Devonian of Gasp^ and Campbellton, from York River, and the upper 
Devonian of Queensland. It is present in the Devonian of Spitzbergen and at the 
so-called Ursa stage of the Ogur region, in eastern Siberia. The remaining species, 
Z. mistrale and Z. nothiim (non ITng.), also occur in the Australian Devonian. 

Lepidostrobn^ globosus is another singular and but little known type which, 
under the name Carjx>Uthics spicatus^ is reported from the Chemung of Shamokin, 
Pa. It is possibly the fertile strobilus of Leptophlexmi rhmiibicum. 

The supposed lepidophytic spore cases described as Lepldocynth Hiliqna seem to 

"See Fossil IMants Devonian and Upper Silurian Canada, pi. xii, flg. 154. 
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be most intimately related to a species in the Pocono (basal Carboniferous) of 
Pennsylvania. Z. inquisitus^ of slightly doubtful generic reference, is unique in 
form, and may possibly prove not to be lepidophytic. 

The large oblong sporangial masses described under the name Spot^angites 
Jacksoni seem in size and form nearest connected with LepidocyBtis siliqua. It is 
not entirely clear, however, that they were similarly produced. The megaspores 
appear to belong to the Sporaiigites type described by Dawson in several species 
from the Devonian of North and South America. It is doubtful whether the genus, 
as composed, is distinguishable from some of the megaspores of the Carboniferous. 

The generic reference of both of the species referred to Cordaites is somewhat 
uncertain, although the presence, as low as the Hamilton, of fossil woods of the 
group commonly known as Dadoxylmi justifies the assumption that very near 
relatives" of the genus Cm^duites^ if not the genus itself, were present in the middle 
Devonian. The occurrence of typical foliage of the genus is, in geneml, 
chaiticteristic of the upper .Carboniferous and lower Permian. Cordaites angusti- 
fblim is reported from the lower Devonian of Gasp4 and Campbellton and from the 
Marcellus of New York. 

Carpolithes confinis seems to be present in the Gasp^ section. C, lunatics^ the 
characters and identity of which, as described in 1863, from Perry, are very obscure, 
has not been recognized elsewhere. 

CORRELATION. 

Of the entire flora described* from Perry, Sphenopteris filicula and Lepido- 
cystis siliqiia are types which appear to belong to groups more or less distinctly 
characteristic of the lower portion of the lower Carboniferous. The fragment 
described as Palseostachya? sp., and the forms earlier published as Lycopodites 
c(/nio8fu» and Carpolithes lunakis are too little known or too ambiguous to be at 
present of stratigraphic value. The correlative significance of Sporangites Jacksoni^ 
which has not been found elsewhere, is also as yet undetermined. The remaining 
species which comprise the main Ixxiy of the Perry flora are Devonian. 

As will have been seen in the foregoing review, the evidence of the geologic 
distribution, so far as known, of the identical species, of the genera themselves, and 
of the most nearly related plant forms indicates distinctly and overwhelmingly a 
Devonian age for the Perry formation. The stratigraphic i"ange of most of the 
species and their allies strongly points to a place in the upper Devonian, the 
prei)onderance of the evidence being in favor of the Catskill-Chemung stage. 
Allowing for the full weight of the two or three species of close lower Car- 
boniferous affinities, the flora can not at latest be assigned to a stage above the upper 

a Ab Dictyocordaites Lacoei Dn., from the Chemung of Pennaylvania. 

b Lepidodendron Gatpianum, a characteristic Devonian plant, unknown in the Carboniferous, and reported from Perry 
by Dawson, in omitted from the list as insufficiently rcprewnted for identification in the Perry material which I have nevix. 
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Catskill as developed in northeastern Pennsylvania and southeastern New York. Com- 
pared with the flora of other continents the closest paleontologic aflSnities of the Perry 
flora are found in the plant associations of the Donetz and of the Arctic Devonian. 

The occurrence of closely related species of Barinophyton and LepUtphJainn 
together with Arch<^opttrls in the Devonian of Australia affords an interestingexample 
of the remarkable intercontinentiil distribution of" the later Devonian plant types. 

The conclusions as to the age of the Perry beds recorded long ago by Sir 
William Dawson are fully corrolx) rated by the study of more extensive material 
and the discovery of additional plants. The deposition of the strata antedate;? all 
known formations of coal in commercial amounts. Small lenticular beds, streaks, 
or pockets of coal or coaly matter, of local occurrence only, are, in rare instances, 
found in beds of so great an age as the Perry, but they are always too thin, if 
not too dirty, to be of use. There is not even the slightest indication of the pres- 
ence of such beds in the rocks of the Perry basin. The underlying rocks about 
Perry are still older. 

The supposition entertained by some geologists that the Perry fonnation is 
identical with the beds regarded as lower Carlwniferous at Lepreau, in New 
Brunswick, in accordance with the arguments and maps published by a numl>er of 
Canadian geologists, and that, consequently, beds of anthracite coal like that at 
Lepreau may be found in another series of beds, which is inteipreted by them as 
underlying and older than the lower Carboniferous, is absoluteh' untenable for two 
reasons: (1) The beds supposed to be lower Carboniferous at Lepreau, if their age 
is correctly determined by the New Brunswick geologists, were deposited later 
than the formation of the Perry beds, and can not represent the same geological 
period; (2) the series of beds (Lancaster formation) containing the Lepreau coal 
and supposed to be older than both the lower Carboniferous and the Perry beds 
are conclusively proved by their fossil contents to be not only of Carboniferous 
age, but to belong some distance, at least, above the older portion of the lower 
Carboniferous. The Lepreau coal, being of later date than the age of the sup- 
posed lower Carboniferous, can not stratigraphically underlie the latter except as 
the result of overturn or overthrust. Otherwise the series of beds supposed to 
be lower Carboniferous must be of far later date. 

In view of the facts (1) that no trace of the much younger geological series 
which carries coal at Lepreau is found in the Perry basin,* and (2) that the coal 
bed at Lepreau is so thin, altered, and dirty * that all attempts to mine or use it 
were long ago abandoned, any further consideration of the possible occurrence of 
such a bed in the Perry basin is superfluous. 

a A condition that is most natural, since that i<eries is of vastly later date of formation. If present, it should 
aoerlic the Perry. 

b About 36.88 per cent of ash, fide Kept. Geol. Survey Canada, 1878-1879, p. 13D. For further descriptions of the 
Lepreau bed, see also Kept. Geol. Survey Canada, 1876-1877, p. 345. The bed consists of streaks of carbonaceous shale 
with interbedded crushed graphitic coal. All efforts to utilize the material as fuel were long ago abandoned. 



CHAPTER lY. 
ECONOMK ^ GEOLOGY. 



By George Otis Smith. 



HISTORY OF SEARCH FOR COAIi. 

At the time of the publication of Jackson's first geologic report, in the year 
1837, interest in the search for coal in this region seems to have already been aroused. 
It appears that, as geologist to the State, Doctor Jackson, in accordance with the 
desire of Governor Dunlap, first devoted his attention to the question of the occur- 
rence of Coal Measure rocks, and visited the Perry district at an •early date. No 
special encouragement was offered in his report to those interested in this subject, 
but the statement is made: ''If coal really occurs in this sandstone, it should be 
found between the village of Pembroke and the St. Croix River." 

Prospecting for coal in the town of Perry is said to have begun in 1837 
with work b3' the St. Croix Freestone Company. Ten or twenty years later one 
Hill, said to have had experience as a miner, who was attracted by what he con- 
sidered indications of coal, secured mineral rights from the owners of land in the 
towns of Perry, Pembroke, and Robbinston. The expectation at first seeming to 
be that coal would be. discovered near the surface, a shaft was dug down to the 
ledge, but it was found necessary to continue the exploration by drilling. The 
place selected for the location of the prospect was on the north side of Little 
River, between the shore and the road leading to Gleason Cove. With the some- 
what crude type of drill used progress must have been slow and expensive, but 
it is reported that a depth of about 400 feet was reached. The loss of the drill 
and later the death of Mr. Hill caused the abandonment of all work. 

The interest of geologists in the Perry fossil locality may have helped to 
keep alive the local belief in the occurrence of coal beds in the red sandstone 
formation. Another prospect shaft was sunk on the Brown farm, south of 
Boydens Lake. This is now covered over and the dump overgrown with trees, 
so that nothing can be learned of the result*? of the work, except that typical 
Perry sandstone and conglomerate make up the dump. Operations began again 

85 
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in 1893, when W. F. Trask put down a diamond-drill hole to a depth of 604 
feet. This was done for a reorganized company, but again the mone}'^ procured 
was exhausted before the work was completed. This drill hole was located close 
to the old Hill shaft. Little can l)e learned concerning the strata cut by this 
hole. The reported statements of the same witness at diflFerent times are quite 
at variance as regards the occurrence or nonoccurrence of coal. It is undoubtedly 
safe, however, to accept his statement that no coal was found. 

Mr. Jesse C. Gleason, of Perry, kindly furnished a piece of the drill core, which 
ci\me from near the bottom of the hole and was said at the time to be ''top clay." 
, Below this it was locally reported that coal was found. This piece of core was of 
special value to the present investigation from its petrographic character. It is a 
rhyolitic lava, and is plainly the same rock as the Silurian lava exposed in the shon^ 
section. This shows that the Trask drill hole penetrated to the base of the Perry ^t ^ 

formation and even into the Silurian rocks beneath. ] 

At another locality near Perry, it is reported, coal was actually found in tli(» 
inclosing rock. The place is on Little River, at the upper dam. When the rock 
was blasted out in the course of constructing this dam by the Eastport ^Vat« r 
Works Company in 1892, a "coal pocket" is said to hav^e been (^\[)()so(i. Our own 
careful examination of the rock at this place failed to show any traces of coal, and 
the geologic evidence is strongl}^ against the supposition that any was fonnd thci'c. 
The rock does not belong to the Perry formation, but, as can be sc(mi from the 
geologic map in this report, is a part of the Silurian series underlying- (hat f()rniati(»n. 
The Silurian ,purple shale is here cut by a dike of dark porpliyry of th(^ ty\H' dcsciihcd 
on page 28. What was thought to be coal may have becMi some daik-colored 
mineral deposited upon the contact of this dike with the sjiale. >ince it is most 
improbable that coal could occur in such association and in rocks of Sihirian a^e. 

It is also reported that coal was found in the glacial drift below this dam. where 
the trench was dug for the water pipe, but this re})ort could not he veritied. 

This brief historical sketch of the search for coal is >utlicient to indi(:it<' how 
little basis there has been for the belief that coal can he found in the Peii\;,r* 
basin. It is unnecessary to consider to what extent this sanuuine exjXMtation ni:i\*:| 
have been fostered by some for the sake of possible perMmai L::iin. imt it 
evident that the interest shown M' students of geology in the l*eir\ hrd^ ha^ ha* 
perhaps a greater influence upon the public mind, causino thr ic^i 1<^m|V ,.i INii \ ^ 
and adjoining towns to become unusually well versed in ^^eolnox ^j;"^ 
nate, however, that the suggestions and 'inferences fa\«»rinL: 
coal in this area have been so much more ([uickly ora^ju 
evidence. In the remaining portion of this chapter the o 
economic subject will be presented. 
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GEOIiOGIC DATA. 

Brief mention has already been made of two cases in which the reported 
occurrence of coal is opposed by geologic observations. To serve the purposes of 
this report, however, it is advisable to cite more fully these geologic data and 
to explain their application to this subject. It is believed that when the evidence 
is fully stated the reader will be able to form a definite opinion regarding 
the possibilities of finding coal in the Perry formation. The fact that during 
all these decades in which the interest has been maintained in this question so 
little regard has been paid to certain fairly obvious features of the local geology 
renders it all impoi'tant that at this time the geologic data should be explicitly 
presented. 

The character of the Perry formation has been described in a preceding sec- 
tion. The rocks of this formation comprise volcanic products, such as lavas and 
breccias, and sediments of the coarser type, such as conglomerates and sandstones. 
Professor Bailey of the Canadian Survey and Professor Shaler of Harvard 
University have compared the Perry formation to the Catskill of the New York 
section. This comparison probably expressed not only their belief regarding the 
age of the formation, but also a recognition of the general resemblance of the 
Perry rocks to the red sandstones of the Catskill formation. It may be noted 
that these two formations are not only similar in color, but both are remarkably 
free from black carbonaceous beds of any kind. In view of the excellent exposures 
of the Perry beds along the shore it is extremely improbable that any part of 
the section is concealed. The deep indentations in the coast line cause the same 
beds to be repeatedl}' exposed, and therefore a thin stratum that might be con- 
cealed in one place would quite likely be shown at another. The fact that no 
black shales were observed in any portion of the section may, therefore, be taken 
as strong evidence of the absence of coaly beds in the Perry formation. 

As is well known in coal regions, coal seams usually occur in association with 
under-clays, but no such beds are observed in this area. This absence of fire clays 
in the section may be regarded as evidence that the physical conditions existing 
during the time the Perry sediments were being deposited were not favorable to the 
accumulation of vegetal matter in the form of coal seams. The conglomerates and 
coarse sandstones, which frequently are cross-stratified, represent sediments laid 

s 

down in an estuarine basin, where coarse material was contributed by large streams 
and deposited close to shore. Only rarely did the plant fragments washed down 
from the land find lodgment in sediments suflSciently fine grained to preserve them 
as fossils. 

Another geologic condition that did not favor coal accumulation was the 
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volcanism that characterized the Perry epoch. Volcanic activity had been a feature 
in this area during the Silurian period, and was renewed during the time of the depo- 
sition of the Perry rocks. From some volcanic center in this vicinity lav^a flows were 
erupted, so that sheets of basalt and associated beds of volcanic ejectamenta now 
occur interstmtified with the sandstones and conglomerates. 

But perhaps the most conclusive data on this subject of the possibility of the 
occurrence of coal in the Perry formation are connected with the ijuostion of 
geologic age. The assignment of a Triassic age to these rocks by the first geologists 
who visited the region, and in later years the correlation of the Perry beds with 
Carboniferous rocks of New Brunswick, have both served to foster the belief in tlie 
possibility of finding coal. The determination of the exact age of this formation, 
therefore, has become a matter of prime importance. The results of the paleoho- 
tanical investigation, as stated in this report, point to the Devonian age of the Perry 
formation. Rocks of this age are known in certain districts to contain loial uccii- 
mulations of carbonaceous matter, it is true, but such coaly streaks or louses are 
thin — rarely a foot in thickness — and of very limited area. Therefore it can he 
stated that nowhere are rocks of the same age as the Perry beds repositories of 
commercially workable coal. 

There are several instances reported in the Perry region of old roal miners, or 
self-termed mining ''experts," basing very strong opinions upon Ihr l*<)>sil ])lants 
found at Perry. The similarity of these plants to those associated witli {ho coal at 
Springhill, Nova Scotia, or with the Pennsylvania coal, has l)een n inarketl upon and 
definite conclusions have been inferred. The identification of Palro/^ic plant 
involves much more critical stud}^ than is commonly understood, and little ciedcnee 
should be given to the observations and deductions of th<)«<e who do not appreeiat<^ 
the complexity of the subject. 

Another line of evidence is afforded by the stratigrapliy of this area. Ir will he 
noticed that all of the prospects and reported occiirrenees of coal are near \\\r 
southern border of the area of the Perr}^ formation. The waterwoi ks dam is in fa< i 
near the contact with the older rocks, and the rocks in which coal is n^portcd t<. 
have been found do not belong to the Perry formation, hnt nvo of Sihnian ai^v.-r 
Both the Hill-Trask and the Brown prospects were located within a halt mile <»t tlx 
contact with the Silurian rocks. Such a location, taken in conniMti< mi with the low 
dip of the Perry rocks at those points, means thatthe bas(^ ol the IN ruA>f<> 
is not many hundred feet beneath the surface. In fact, wo lia\ e (mmi. Jif 
that in the Trask hole, as stated on a previous page, the diill aiinr 
basal contact and penetrated for some distance the tinderlyini: Sihi 
piece of core termed ^'top clay" by the driller is in reality a rh 
similarity of this to the lava which occurs interstratitied with tj 
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iferous rocks south of Gleason Cove was noticed in the field, and subsequent 
microscopic study has verified this identification. It is a fortunate as well as 
interesting fact that the Silurian and Devonian lavas are of such diverse types. On 
this account there can be no doubt that the Trask drill hole cut all the strata in 
which there was believed to be any possibility of encountering seams of coal. In 
fact, it cut even some of the lower beds, including this lava sheet, which is known 
from its petrographic character to be of Silurian rather than of Devonian age. 

COXCL.USION8. 

• 

From all the foregoing facts, therefore, it must be concluded that the belief 
in the existence of coal in the Perry formation, although maintained for nearly 
seventy years, is not supported by geologic evidence. The composition of the rocks 
comprised in this formation, as studied in satisfactory sections, neither shows the 
presence of any carbonaceous beds nor favors the possibility of their occurrence in 
concealed portions of the section. This conclusion that coal is not present in the 
formation is furthermore strongly supported by deductions based upon the Devonian 
age of the Perry formation, as determined by paleobotanical studies. 

Exploration work in these rocks has failed to show the presence of coal seams, 
and the force of this statement is strengthened by the knowledge that the Trask 
drill hole reached the base of the Perry formation. Continuation of the work 
there, or drilling at a locality near the reservoir dam, would simply result in 
expensive exploration of Silurian rocks in which no one conversant with coal mining 
would expect to find coal. In fact, a drill hole at the latter locality, though it is 
reported to have been proposed on the recommendation of an expert, would have 
resulted only in an utter waste of money. 

The assignment of a Devonian age to these rocks msLy suggest the possibility of 
finding oil or gas in the Perry area. On this point it need only be stated that the 
outlook is no more encouraging than that for coal. The occurrence of joints and 
faults, such as have been described in this report, as well as the presence of inter- 
bedded lava flows, are most unfavorable indications, since they preclude the conser- 
vation and storage of any liquid or volatile hydrocarbons, even had they originally 
been present. 

The practical deduction to be drawn from the results of the geologic studj'^ 
presented in this report is that further exploration of the Perry basin for coal is 
unwarranted. 



APPEK"DIX. 
COAL IN OTHER LOCALITIES IN MAINE. 



By George Otis Smith. 



Another locality where coal indications have been reported is the town of 
Greenfield, the second town east of Oldtown, Me. The rocks exposed in this vitinit y 
differ slightly from the slates seen along the Penobscot River. Red and black 
slates are the predominant rocks exposed in Greenfield, where the search for coal 
has been prosecuted. It is in the black slate that what has been termed coal has })ocn 
found. The black slate is, in places, sufficiently carbonaceous to soil the tiiitr<'i>. 
a character that immediately suggests soft coal, and the bright olistc nino- >urfa( c^ 
of the rock, as seen in excavations, make it also resemble anthracite coal. Neai' 
Myra post-office a large shaft has been sunk to a depth of about i^<> fc( t, but in 
September, 1903, the time of the examination, this opening contained lo feet of 
water. The observations possible in the upper portion of the shaft, as well as 
the examination of the rock which had been thrown upon the duni]). were sufh- 
cient to give a good idea of the character of the material that is travel srd )>\ tin 
shaft. The brilliant luster of much of this rock is plainly the re>ult of c]u>hini: 
and slipping within the rock mass. Similar bright surfaces, techniially termeil 
''slickensides," occur in rock of any kind that has l>e(Mi subjected to extivtu* 
dynamic action, and in a black rock, like the slate in (ireenti« Id, the i-escmManri 
to anthracite coal becomes very strong. It is when these sli( krnsidid |)ie(( - . rf ^J 
slate are broken across, however, that the true character of- the rock i- -ecu. TIk 
slate is of a dull gray color, and is quite unlike either bituminous of anthiaejte ro.d v 
The rock is full of quartz seams and gashes, which atlord fuithci r\ idrin «• of thr^^j 
crushing to which the slate has been subjected. 



The resemblance of this material to coal was thc^ ba>is \\n' 
prospecting in this locality, and this indication was later support. 
the coal had been successfully burned in a blacksmith's foiLiv .it 
It is unnecessary to consider the source or truth of such upoi i 
the black slate to which thev refer. The roik is i>lainlv (ailmi 
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• 

shown above, it is not sufficiently so to make the resemblance to coal at all close. 
For the purpose of thoroughly testing the material, however, a determination of 
the percentage of carbon in this rock was made in the laboratory of the United 
States Geological Survey. The loss on ignition in a selected sample of the best 
material from Greenfield was found to be 9.2 per cent. The remaining 90 per 
cent of the rock would correspond to what is termed ash in a true coal. This is 
sufficient to show that the black rock which has been prospected in Greenfield is 
in no sense a coal, even of the most impure variety, and the geologic examination 
of the locality affords no warrant for further exploration for coal in the forma- 
tion exposed there. 

FISH RIVER. 

It was reported to the Maine Surve}- Commission that coal had been found on 
the line of the Fish River extension of the Bangor and Aroostook Railroad. The 
locality where the coal was said to occur was within the region where Silurian and 
Devonian strata were recognized at the time of the early surveys of the State, so 
that there appeared to be a possibility that the Carboniferous might also be repre- 
sented. Therefore, in accordance with the instructions, a trip was taken over this 
line and the locality was visited. The examination of the rocks along the railroad 
was greatly facilitated by the courtesies extended by the officials of the Bangor and 
Aroostook Railroad. 

The strata are well exposed in the fresh cuts of the recently constructed railroad, 
many of the beds thus exposed probably not being visible in natural outcrops. The 
formtition exposed near the Fish River bridge south of Eagle Lake comprises sandy 
and shaly beds. These are soft and appear younger than the limestones and other 
rocks that are exposed both north and south of this locality. The reported '* coal" 
was found to be a 3-inch seam of black material, interbedded with the sandstone 
and shale. In composition this is simply a shale in which there is sufficient carbo- 
naceous material to give it a black color. It is not coal, and the reports that it had 
been successfully used in a blacksmith's forge were easily nullified by testing the 
shale in a hot fire. Pieces of the rock thus treated can be slightly bleached by the 
action of the fire, but can not be ignited. 

This black shale and the associated strata contain fragments of plant remains, a 
small collection of the best of which was sent to Mr. White for study. His report 
is as follows: 

'^The fossil plant material from Fish River consists of small fragments, wh^ch, 
unfortunately, were so triturated and abraded before deposition as generally to 
obliterate their external characters. Among the specimens are some which appear 
to represent Ptiilophyton elegans Dawson. Others are doubtfully referable to 
PHilophyion princeps Dawson. The presence of these plants is strongly indicative. 
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Platyphyllum Brownianum Dn. 

(Page 37.) 

Fig. 1. Original specimen illustrated by Sir William Dawson and now in the collection of the 

Boston Society of Natural History, through whose courtesy it is here refigured. 

Fig. 2. Another example, more deeply dissected. Collection of the Portland ScKuety of 

Natural History. 

OtIDOPHTTON HYMENOPHYLLOIDE8 D. W. 

(Page 47.) 

Fig. 3. Example showing the umbilical impressions at the bases of the sinuses, and indications 
of obscure depressions, vrith thickened carbon near the apices of the lobes. 

DiMERIPTERIS RECURVA (Dn.) D. W. 

^ (Page 56.) 

Fio. 4. Bifurcating branchlet. 

Fig. 5. Fragment illustrating the bifurcation of the small lobes. 

Fig. 6. Specimen with more deeply dissected lobes, whose aspect is suggestive of a bivalvato 

capaule. 

DiMERIPTERIS INCERTA (Dn.) D. W. 

(Page 53.) 

Fig. 7. Example showing the rapid subdivision of the lamina in different planes, the ramules 
provided with clustered sporangia. 

Fig. 8. Fragment showing fragment of major division with dilated thin lamina <»f tin' l)ran('li, 
which is fertile. 

Fig. SV Enlarged four times the natural size, showing one of the >poran«jia ilhi-tratcl in 
Fig. 8. 

Fig. 9. Specimen illustrating the rapid subdivision of the ranuileH in ])roxiniiiy to a Itrancli 

■ 

of considerable size. 

T^NIOCRADA PALMATA D. W. 

(Page 37.) 

Fig. 10. Portion of frond showing dissection of the lamina, the lol)e>: of \vhi« h an* tra\< i-«.l 
by very thin axes of greater density. 

Barrandeina perriana (Dn.) D. \V. 

(Page 49.) 

Fig. 11. Fragment of stem showing the extremely decurn'nt pciiolar l«:»-rv .1. -rcnilinLT ai 
the axis in spiral arrangement, though frequently broken back to ditt. nnt 1« \. s 

ARCHiEOPTERIS ROGERSI Dn. 

(Page 43.) 

Fig. 12. Rachial fragment showing corrugation of the deseen<linL' )•< tic.ia- 
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Arch^opteris Jacksoni Dn. 

(Page 39.) 

Fig. 1. Fragment of frond showing characteristic arrangement and aspect oi the jiinin , the 
rugose rdchis with vestiges of rachial pinnules, and the imbrication of the ordinary j)innaK's, w liic h 
in this example are slightly broader than is usual. Figured by courtesy of the l^ortlaiul Society 
of Natural History, in whose collection the specimen now resti^. 

Fig. 2. Fragment of the common type of pinna found in the formation, ilhistnitinLr tlie 
typical rather narrow imbricated pinnules. 

Fig. 2*. Twice the natural size. Pinnule of the example shown in Fi^. 2 enlarire*! to slKtw 
the outline and nervation, which is really derive<l from a dense primary faseiele clesreiitliiiL: al>n>: 
the rachis. 

Fig. 3. Fragments of extraordinarily broad and apically rounde<l pinnules oi the same >]MMi«>. 

Fig. 4. Portion of a fertile pinna of the form described as beloni^inir to tlie >^i)e(ies, l>iit 
possibly representing an early stage of the fertile pinna of A. Ro(jcrsi 

Arch^o:pteris Rogersi Dn. 

(Page 43.) 

Fig. 5. Portion of a fertile pinna showing the fasiculately attached sjM)i:ini:ia anl tlie jtrolon^'ed 
midrib of the pinnule. 

Fig. 5'. Twice the natural size. Detail from Fig. 5 showinjj: the taseii niate ajianL'«ni<iu and tlu 
thickened neural line of the sporangium. 

Arcileopteris Hitchocki (Dm.) D. W. 

(Page 45.) 

Fig. 6. Original type of the species, No. ^\*-^ in the fossil plant collcrticii of the AiiKiir:.- 
Museum of Natural History, through whose courtesy it is here rLliirun'.!. Tlu. siMcinMH ^h«»\\>, l. ai : 
the sporangial nature of the ultimate divisions, the entire setrnient heiiiLr lertih' an.l nlur..! in lai 

Fig. 6*. Three times natural size. Showing sporangia attac-hi-d !<> nei\r>oi' r.fht.r.l ra. hiai i-' 
nules in the upper part of the specimen shown in Fig. 6. 

Fig. 6^ Three times natural size. Showing the arrangement of the <[. -r an- W;^^^^^^ )>. 
portion of the specimen. 
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PLATE IV. 

Rhachiopteris pinnata Dn. var. angustipinna D. W. 

(Page 50.) 

Fig. 1. Fragment of the rachis, showing mode of opposite division, the decurrent bases of the 
subdivisions, and the slender vascular axes of the latter. Vestiges of extremely tenuous laminar 
api)endages, probably representing the leaves of the species, are seen on the larger branchen. 

Fio. 2. Fragment of a smaller example, showing the dilation at node on the main rachis opposite 
and between the lateral divisions. This feature also appears, though less distinctly, in Fig. 1. 

Fig. 3. Slender branchlet with vestiges of leaves. 

Pal^ostachya ?Sp. 

(Page 64.) 
Fig. 4. Fragment of axis showing basal portion of scales, in the axils of which appear to I 
grouped sporangia whose mode of occurrence and probable arrangement are suggestive of Pnlnot^tdclnj- 
One of the bracts, broken in the process of preparation of the specimen, was over a centimeter in 
length. ' -^-r 

Barinophtton Richardsoni (Dn.) D. W. -^ 

(Page 64.) ^' 

Fig. 5. Fragment of rachis, showing several of the boat-shaped branches or pinnie ntill attuc"Ju'<l. 
the arrangement being probably spiral. Collection of the Portland Society of Natural Histniy. 

Fio. 5'. Detail, enlarged twice the natural size, showing the lobes or pinnules of the u]>j«'r 
pinna on the right-hand side of Fig. 5. The midribs are somewhat depressed. The (le]»ressinn^ 
at the base of lobes are not well shown. 

Fig. 6. Another example showing the pinna in a more advanced stajre of development. Dk- 
apices of the lobes are generally obscure and their full length is not usually clear. In the semul 
branchlet from the base on the right the rachial depressions are shown, the IoImv hciim in part 
broken away on the side toward the observer. 

Fig. 7. Fragment of a full developed or old pinna representing the eon<litinn <.riLrinally tii^iired 
by Dawson as Lepidoatrobvis Richardsoni. In this example the thick, tUshy rachis i> wi'U exhib- 
ited, the lobes being apparently attached just within the margin mi the ventral ^urta<v of the 
broad wing of the rachis. Collection of the Portland Scxiety of Natural History. 

Fig. 8. Elongate and straightened pinnee probably belontrint; t<» tlu- same -^im ci«'s ami re])re- 
senting a stage comparable to that seen in Fig. 5. 

Fig. 9. Fragment of very young branchlet spread out. 

Barinophyton pekkiam m I). \V. 

(Page«8.) ^ 

Fig. 10. Fragments of several pinna', the two on the left l»einir in their nriu'inal ]M.>iti-i. 
Fig. lO*. Enlarged twice the natural size. Detail nf the Inwer piima in I'iL'. h*. -h .w i[ 

the form of the lobes and the depressions or pits, presumahly .^ponimrial. :it tht 

latter. 

Carpolithes confims I). W. 

( Page 78. ) 
Fig. 11. Isolated seed, showing striate surface and broad l)a>al aiia- h:: t 

LePIDOCYSTIS INQUI8ITI S I). W. 

(PajreTo.) 
Fig. 12. Broad form of the sporangium. 

Fig. 13. Short-ovate form. 

Fig. 14. Elongate form, which, like the others, is slicrhtly erex entic 
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PLATE V. 



P8IIiOPHYTON(?) ALCICORNE D. W. 

(Page 64.) 

Fio. 1. Example showing the anomalous type of ramification appearing on one side only «)f the 
axis. A third branch on the right, similar to the upper one in the figure, was originally t^een on the 
specimen, but was destroyed in the process of clearing the matrix from the fost^il. 

Fig. 2. Another example, slightly laiger and more complicated, though the primary ^^y^'WJll is 
similar to that shown in Fig. 1. 

IPSILOPHYTON CF. PRINCEP8 Dn. 

(Page 58.) 

Fig. 3. Fragment showing the ordinary flexuous rachis, irregularly sulcate with one or twn some- 
what irregular, broadly rounded ridges. The abrupt termination of the branches at a little distance 
from the rachis, as shown in this figure and Figs. 4 and 6, is characteristic of this type of fossil. 

Fig. 4. A similar fragment in which the somewhat elongated depressions appearing' on tlie bii:«e 
and just within the terminations of the rameal vestiges are more clearly shown. The altnipt 
terminations are probably due to the almost abrupt change from the ri^id axial structure to \\u> 
thinner and more delicate ramose laminar structure of the foliage. 

Fig. 5. A more slender axis, with fragments of the foliate ramules still attached. 

Fig. 6. Example showing the bifurcation of a rachis at the top, with indications of the imnn^iiate 
dichotomy of each of the subdivisions. At the same time the axis curves hackwanl, an<l the 
subdivisions are not in the same plane with the parent rachis. The ahrupt termination in the fo.s>il 
of the two main subdivisions at the top of the rachis is exactly comj)arahle to that of the lateml 
branches shown in Figs. 3 and 4. 

Fig. 7. Specimen from Campbellton, New Brunswick, in the collection of the Tnited States 
Natiohal Museiun, labeled by Sir William Dawson as Psilitjthifton priiifrj).-*. The costation is vlis- 
tinct in the fragments of rachis, some of which show an irrejrular form of ramitication. sonu-whai 
similar to that illustrated above under Psilophytonf alcicome. A few of the fragments iji rj 
specimen shown in Fig. 7 are obscurely and distantly punctate. The ultimate diAisi(.n> of th. ;m^^ 
are extremely delicate, and, owing to the irregular mode of division hy which they are inii rni^^ 
and to the fact that they do not lie in the same plane, they are generally \ery imperfectly « \f?'A. 
Fig. 7'. Twice the natural size. Central portion of the ori^dnal of Kij. 7. ^howin.: mor< i. {?. 
the costation of the rachis and the mode of subilivision of tlie tenuous .i"liar lamina . 
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PLATE VI. 



Leftophixeuh rhombicuh Dn. 

(Page 69.) 

Fio. 1. Original type of the speciee, No. ^ V^ in the fossil plant collection of the American Mii^ciitn 
of Natural History, through whose courtesy it is here refigured. The example shows the normal 
bolsters in the lower portion, those in the middle being more or less disfigured by a transverse 
wrinkling of the epidermis, the wrinkles being curved between the points of resistance offere<i by 
the lateral angles and the leaf- scars of the bolsters, so that in the upper middle the lx>iinilarie« 
of the latter are partially obliterated. This transverse wrinkling, which, it will be seen, i^' appar- 
ently of superficial origin, was responsible for the description of this 8])ecimen as containing a 
chambered pith identical with Artitia, It will be ob6er\'ed that above the shriveled and wrinkled 
central portion the bolsters are resuming their normal size and form. 

Fig. 2. Example illustrating the laige size of some of the bolsters, in the apic*es of which o< mr 
the pore-like ligular pits. 

Fig. 3. Fragment of an impression, the relief of the bolsters being exaggerated. In this e\ani})lc 
the leaf scars are slightly above the middle of the bolsters. 

Fig. 4. Crushed and slightly macerated specimen in which the surface features of the hol^tirh 
are shown near the margins, while throughout the central portion the impressions of the intm- 
cortical and subcortical structures only are seen, the superficial tissues having \hm}ii reiii<tv«'<i. 
The central strand curving irregularly within the cylinder of the much macerated inner cnrtex nf 
the fragment probably represents the woody stele of the stem. Its nodation is the result of 
impression on the more rigid rhomboidal cortical tissues. 

Lepidostrobus globusus Dn. 

(Page 73.) 

Fig. 5. The specimen agrees in general features with that originally h^'ured hy Dawson. 
Fig. 5*. Enlarged four times the natural size. Showing the curvature of the s<-ales, earh .i 
which is traversed by a nerve strand and is convex in tlie outer port inn. 

Sporangites Jacksoni I). A\'. 

(Page7H.) 

Fig. 6. Portion of the contents of a large, elonpite<i sporangiuin or possihly of two superimpost d 
sporangia, consisting of a slightly brownish nm^ more or less cro\v<h'd with the dark (•aHH>ni/n: 
m^aspores. The original is in the collection of the Boston Society nf Natural History. tlir..uLdi \\ • ; 
courtesy it is here described. 

Fig. 6'. Enlarged eight times natural size. Details showing: soiui- of ilu- meja-p. -n- 
original of Fig. 6. 

?P8ILOPHyTON (^F. PRINCEIS Dn. 

(PageoS. ) 

Fig. 7. Specimen showing a trifurcation of the axis, the two suh<li\ i-i;' h- in tIm- loni^ni 
comparable to that shown in Fig. 6 of PI. V, the mid<lle suhdi\ isinn 
lying in a different plane. 

Fig. 8. Fragment probably belonging to tlie same sju'cie--, 
the periphery of the plant, the branchlets appearing as .ihrujitly t 
abrasion of the more delicate laminae. 
102 




J. S. OEOLOOI&U- SUBWEV 




FOSSILS OF THE PERRY FORMATION 



^^^ 






J 



r ( 



1 1 » ♦•, 



i^-ri 



'«*-i.i 



y 






\r 



INDEX. 



[Black-face flsrnres indicate pages on which detailed descriptions occur; italic figures indicate illustrations; names 

in italic are synonyms.] 



A. 



Page. 



AdJantites 83 

Agaasiz, Louis, on red aandstonee 13 

Albert shales. Perry beds correlated with 13 

AlcicornopterisZeilleri 35 

Ambonychia cf . aphsea ^ 

American Museum of Natural History, acknowl- 
edgments to 88 

Anarthrocanna perriana 49 

sp 49,81 

Aneimites 63 

Aphlebia 58 

Aporoxylon T9 

ArchsBopteris Dawson 8»-47, 62-^,80, 84, 92 

{cyclopteria) Brownii 88 

gaspiensis 42,44 

Halliana 40,42 

hll)emlca 80,81 

Hitchcocki 4fr-47,81,fl<? 

Jacksoni 89-42,44, 81, P6 

laxa 42 

minor 80,81 

obtusa 88 

Boemeriana 81 

Rogersl 41, 42, 48-46, 58, 80,81, M,»? 

Aroostook limestone, reference of 24 

Arthrostigma 68,80 

gracile 68 

Ashland shale and -limeetone, reference to Ni- 
agara of 24 

Atrypa reticularis 28 

Avicula cf. communis 22,28 

B. 

Bailey, L . W., on New Brunswick geologry 17 

on Perry formation 16,87 

Bailey and Matthew, on age of granite 20 

onfelsites 28 

rocksnamedby 25 

Balls Mills, fossils collected near 21 

Bar Harbor, rocks at and near 29,32 

Barinophyton, gen. nov 65-68,82,84 

obecurxmi 68,82 

perrianum 67,68,74,78,98 

Richardaoni 65-68, 76,5« 

Barrandeina Stur 4»-50,81 

Duslianum 60 

perriana 4»-»W.81,94 



Becraf t fossils, occurrence of 
Bergeria 



sp. 



Page. 
22 
78 
70 



Beyrichiasp 22,24,20 

Birch Point, rocks at 26 

BoUia near B. Clarke! 28 

Boston Society of Natural History, acknowledg- 
ments to 36 

Bothrodendron 70,71 

Boydens Lake, boring for coal near 86 

Brachiopods, occurence of 25,26 

Brittsia 48 

Brooks Ck>ve, rocks at 29 

Brown, Jackson, acknowledgments to 96 

Brown, Jethro, fossilB collected by 35 

species named for 38 

Bythocypris 26 



Calamites, evidence of 

sp 

Calymene sp 

Calymmotheca bifida. . 



13 

79 

- 23 

56 

CamarotcBchia sp 22,24 

Cambrian fossils, occurrence of 22-24 

Campobello group, character and correlation of . . . 16 
Canada, Qeological Survey of. Perry beds correlated 

by 15 

Cape Elizabeth, coal reported at 92 

Carboniferous fossils, occurrence of 22-24 

Cardlocarpon 78 

Carlow Island, fossils from 26 

rocks on 27 

Carpolithes Scblotheim 78 

conflniB 78,83,:/8 

lunatus 78,88 

(?)«itgtto 74,76 

spicatus 74,82 

sp 73 

Carruthers, William, on Haliserites 02 

on Lepidodendron 71 

on Leptophlceum 71-72 

Catskill group. Perry formation correlated with. .. 16; 17 

Caulopteris Lockwoodi 79 

Cephalotheca mirabilis 55, 6:^ 81 

Chaleurs, Bay des, sediments. Perry beds correl- 
ated with 17 

( Thapman sandstoneH, a.««)ociation of 24 

108 



104 



INDEX. 



Page. 

CheiruruBsp 82 

Chemung group, Perry beds correlated with 15 

Chonetescf. hadsonlcus 22 

Clay, fire, abflence of 87 

Clinton foflsils, occurrence of 16,81,82 

Coal, absence of 86,89 

occurrence of, facts bearing on 10, 11* 87-88, 90-08 

relation of Perry beds and 84 

reported presence of 86,90-9f5 

resemblance of black slate and shale to 90-91 

search for 9,85-86 

Cobscook series, character and correlation of 16,85 

Conclusions concerning Perry district 10 

Conocardium? sp 88 

Coidaitee Unger 77-78,81,88 

angustifolius 49,77-78,88 

flezuoeus 77 

( Pych nophyllum ) flexuosua 77 

sp 77 

Comulites cf . serpularius 28 

Correlation of Perry beds 11-17 

Cr6pin, Francois, on Lepidodendn>n 68,80 

on PalBBopteris 48 

on Psilophyton 47 

on Sphenopteris 68 

Cyclouema sp 88 

Cyclopteris (Archceopteria) Jou:kaoni 39 

(Archceopteris) Roger ai 43 

BroHfiiana 37 

Brotmii , 87 

HaUianaOetpp 43 

hibemica, discovery of 13 

Hitchcockiana 46 

incerta 53 

Jackaoni 39 

(Phatvphyllum) Broumii 38 

Rogerai 48 

sp 38 

Cycloetigma hercynicum 71 

(yyperiteasp 70 

Cypricardites n. sp 83 

Cyrtina?sp 84 

Cyrtoceras myrice ' 83 

Cyrtolitessp 83 

D. 

Dadoxylon? 79,83 

Dalmanella cf . perelegans 88 

cf. planiconvexa 88 

cf . subcarinata 88 

Dalmanites cf . micrurus 83 

Dawson, J. W. See Dawson, Sir William. 

Dawson, Sir William, fossils collected by 36 

on Anarthrocanna 49,81 

on ArchsBopteris 40,48-44 

on Arthrostigma 68 

on Carpolithes 75,78 

onCordaitee 77-78,79 

on Cyclopteris 46,55 

on DimeripteriB 56 

onFilicites 79 

on fossil fern 48 

on Lepidostrobus 65-67 

on LeptophlcBum 78 

on Lycopodites 65,66,69,82 

on Perry geology and fossllB 18-15,17,85,84 

on Platyphyllum 38,94 

on Psilophyton 61,54,67,58-62 



Page. 

Dawson, Sir William, on Ptilophyton 68,82 

on Rhachiopteris 52,59 

on Sphenopteris 56, 5« 

on Sporangites 76. 8;^ 

on Stembergia 71 

onStigmaria 72 

Devils Head, granite at 19 

Devonian, upper, Perry beds assigned to 14-15 

Devonian age, fossils of, occurrence of 22-S< 

rocks of, character and occurrence of 10 

Dimeripteris Schmalhausen 46^7. 58-66, 81 

fasciculata 56,57, HI 

gracilis 56-57 

incerta dS-«6./;.?.»</.r'; 

recurva 66-67.81.,'''. 

Drepanophycus spinaeformLti tt:^ 

Drill core, evidence from »%, Hh 

Ki 

tV^ 



Dunlap, Governor, desire of. 
Dun, W. S., on Pecopteris. . . 



Eastport, fossils near 

Eastport Water Works Company, coal ixicket re- 
ported by 

Economic geology. See Geology, economic. 

Ells, R. W., on New Brunswick geology 

Equiaetum columnare 

Etheridge, Robert, on Leptophlopum 

Ettingshausen, C. von, on Spbenopteri." coudrusd- 
rum 

Evans, George F., acknowledKments to 

Elxploration, further, uselessneas c»f 

F. 






1.') 



Faults and joints, occurrence of 


.. ... lit.:c^H4 


Feistmantel, Ottakar, on Leptophlo-um 


• -• 


Felsite, occurrence of 


•> 


Filicites incertce sedis 


7'.» 


Fire clay, absence of 


»*: 


Fish River, beds on, ago of 


*Xi 


coal reported on 


'.•1 \\:i 


Fossils, collections of 


•.i\-T..:M\ 


evidence from 


... ."^s 


occurrence of 


y\ ii.:.'i i"».;r> :ii; 


plat^ showing 


. '.>4,^»f..".ts. ]^t\. Inr; 


Fossil species, deHcrii)t i( )ns .if 


:i*". St 


Frost Cove, rcjcks n«»ar 


■ > 


Fucacece 


4; 


Fucus Neasigii 


1: 



Fundy,Bayof, rtK'ksof. J^errylnnls (•••rivlutiMl witii 

(t. 



G«noa River, fossils from 

Geology, character of 

Geology, economic, of Perry hasin 

G^eologic map of Perry l«isiii .. . 

Geologic structure of Porry f«.rni;iTi«.ii 

Gesner, Abraham, mention of 

Gilkinet, Alfred, on Palti^^pterix • - ?>«»./ 

on Sphenopteris .^Jy^I 

Gin Cove, rock.s at 

Gleaaon, Jesse C, drill <'ore fiinii-^h.'l ^ ^^ 
Gleason Cove, faults near . . 

fossils from near . ? 

rocks near 

GOppert, H. R., on AmirtlinHuinia 

on Drepanophycus. . . . 

on Haliserites 



•►•<! 







INDEX. 



105 



Page. 

Granite, oocurrenoe, age, and character of 19-SO 

OraptoUte diale, reference to Niagara of 2i 

Greenfield, coal reported at 00-01 

Gregory, H. E., on Maine geology 24 

Gulf f osbUb, occnrrence of 22 

H. 

Halieeritee Dechenianns 47,a2 

Hamilton foflBUfl, oocnrrence of 24 

Hartt, C. F., on Perry and New Bmnswlck geology . 15 

Hayes, C. W., letter of transmittal by 7 

Helderberg f ossilB, occnrrenoe of 16,22,28 

Heteranginm 44,58 

Hilchins Point, rocksnear 29 

Hill. , search for coal by 85 

Hitchcock, C. H., fossils collected by 85 

on Perry geology 18-14 

Hoetinella 68 

hoetinensis 60,82 

Hoyey, E. O., acknowledgments to 96,4^-46 

HymenophyllJtes sp 79 

Hyolithessp 28 

I. 

Introduction 9-10 

Intrusive rocks, intrusion of 10 

J. 

Jackson, C T., fossil named for 76 

on geology of Washington Ck>unty 11-13 

on Pulpit Rock 89 

report of 85 

Jackson, R. T. acknowledgments to 36,58 

Johnson, C. W., acknowledgments to 90 

Joints and faults, occurrence of ^ 10,83-34 

K. 

Kldston, Robert, on Calymmotheca 56 

on LeptophlcBum 73 

KUtorcan beds, Perry beds correlated with 18 

Kindle, E. M„ acknowledgments to 21-28 

Kre jci, J., on Protolepidodendron 60 

m 

L. 

Laurentian granite, occurrence of 20 

Lavas, character and occurrence of 20, 27-28 

Perry and Silurian, comparison of 80-81,32 

Legislature, nonaction of 9 

Leightons Ck>ve, fossils collected at 21,22 

Lenne beds, specimen from 52 

Leperditla cf . alta 28 

Lepidocystis Leequereux 74-75 

fraziniformis 75 

inquisitus 75-76,88,9^ 

siUqna 74-75,76,82-88 

Lepidodendron 66,92 

australe 78 

gaspianum 62,66,74,79-80 

nothum ^ 71 

Lepidophloios 71,74 

Lepidophytes 71 

Lepidostrobus Brongniart 78-74, 75 

globosus 72,78-74,82,102 

Bichardaani 65,67,diS 

sp 65 

Lepreau coal beds, age and character of 84 

relations of Perry formation and 84 

LeptcBua rhomboidalis 22 



Page. 

LeptophlcBum Dawson 69-7S,74,82,84 

australe 82 

nothtim 72,82 

rhombicum 69-78 

Lesquereux, on ArchsBopteris 42,45 

on Lepidocystis 75 

on Sphenoirteris 46 

Lin^rnla cf . ligea 24 

sp 20,22,26 

Literature, review of 11-17 

Little River, boring for coal near 86,86 

fossils from ^ 26,86,86,42 

LockiMrt limestone, fossils referred to 26 

Lower Helderberg. See Helderberg. 

Loxonemacf. Fitchii 28 

Ludwig, Rudolph von, fossil found by 58 

Lycoi)odites Brogniart 65,69 

comosus 69,81^88 

Milleri 62 

Richarthoni 66 

sp 69 

M. 

McCoy, Frederick, on Lepidodendron australe 78 

Machias sandstone, location of 82 

Madrid, coal reported at 92 

Maine, appropriation by 9 

search forcoalin 9,11-18,90-92 

Maine Survey Commission, aid of 9,10 

Manlius fauna, position of 26 

Map, geologic, of Perry basin 18 

Marcellus shale, fossil from 50 

Mascarene series, identity of Moose Island seriesand 25 

rocks assigned to 25,j 

Matthew, G. F., on Perry and New Brunswick geol- 
ogy 15 

Medina fauna, position of 26 

Megaphyton? 80 

ModlolopeiS! cf. undulostriata 28 

sp 20,22 

Modiomorpha c f . subalata var 24 

Monomerella cf . ovata var. lata 22,28 

Moose Island, fossils from 21,24.26 

rocksnear 27 

Moose Island Black shales, character and correla- 
tion of 16 

Moose Island series, fossils from 28,27 

identity of Mascarene series and 25 

Murchisonia sp 24 

Museum of Comparative 2Soology, Harvard Univer- 
sity, acknowledgments to 86 

Myra, shaft at 90 

N. 

Nathorst on ArchsBopteris 41,45 

onBergeria 78 

on Cephalotheca 65 

on Devonian fossils 89,68,81 

on Sphenopteridium 57 

Nerapis granite, correlation of 20 

Newberry, J. 8., on Perry fossils 18 

New red sandstone, correlation of 11,18 

Niagara formation, fossils of 16.^21-28,26 

Nucula?sp 22,88 

Nyassa subalata 24 

O. 

Oil, absence of 89 

Oncocerascf. ovoides J^ 



106 



INDEX 



Onuige Ba J, fuflfdlit collected at 21.9 

Orbicnloidea iq> fi 

Ordorlcian foflsilK. o-rurreTw-*" of — 22-23 

OrthJAup 34 

OrtbotuDto? Np 2f 

Otidr/pfaytcm. geD. nor 47-48.M1 

hjrmenopbylloides, n. sp 47-4fj.«*,W 

P. 

PfiUropteriM if} Braumii 38 

Halliana 49.46 

bibernica ^. 48 

Roem^riann 43-44 

Rtigerai 43 

Paberjiftacbja Weim •4-4ft 

tup <M-«o. te,83.r^ 

PaleoDtoloK7 of Perry budn 31^-*^ 

Paleozoic a^e, fofwilii of , occurrence of 28-24 

rocka of, age and occnrrence of 10-11 

Puaamaquoddy Bay, rocks at 30 

Pecopteris (?)ob«cnra 68 

Pembroke, rocka at 25 

Penballow, D. P., acknowledgments to 3B. 61 , AS 

on Psilopbyton 60 

Pemuunaqnan River, rocks along 25 

Penobscot, coal reportedat 82 

Perry, fossils from near 26,35 

prospecting for coal at 85 

rocks at and near 27.28.2» 

Perry basin, boring in 13 

fossils found in 13-14 

geologic map of 18 

geokjgyof 87-8B 

investigation of , preliminaries to 9-10 

Perry formation, age of 10,13,80.8»-M.8H 

areasof, determination of 18 

cbanges since deposition of 10,31-32 

character of 10,17.29-34 

color of 29-30 

conglomerate member of, character and oc- 
cnrrence of 28-30.32 

contacts of 25-26 

correlation of 10,13-17.88 

exposnresof 18 

geologic interest in 11 

geologic relations of 10-11 

geologic structure of ^2-^ 

lava member (lowers of, occurrence and char- 
acter of 28.30-32 

lava member (upper) of, occurrence and char 

acterof 28,32 

occurrence of 29-34 

relation of coal beds and 84 

resemblances of 17 

sandstone member of, occurrence and character 

of 28,aB 

subdivisions of 28 

Piedbceuf, P., on Sphenopteris 47 

Plat3rphyllum Dawson 87-39 

Brownianum S7-39. 79, 80, W 

Brotmii 38 

Rogers! 39,80 

truncatum 80 

Pleasant Point, fossils from 27 

Pocono series. Perry beds correlated with 13 

Portland Society of Natural History, acknowledg- 
ments to S« 



Page. 

Potoni^. H-, fossil found by .>3 

en CyckMtigma 71 

Presl on Bergeria 70 

Princess Cove, fossils coUe«*ted at 21 

Prcetussp 23 

Protolepidodendron Du^liannm .V) 

Psiloconchoid in 

Psilopbyton Dawson 36. 47.51-52. «k-«4>2 

alcicome W.>2.1«i» 

rf. princeps ♦** W. !'#'. :".' 

cf>ndrusorum _. ... 47 

elegans 'Vi.'^j 

glabrum -V».m» 

grandis .T(i«.n».rt2 

princefut .>!. .tB, •>.«». ^i. VH - W. ;-' 

var. omatum rtl.»tJ-*Ei 

robuMins .>4.K2 

Pterichthys beds. Perry beds correlated with 1 '> 

Pteropby llum ._ »;T 

Ptilophsrton Thompsoni . . ♦>. >»l' 

Pulpit Bock, location of *** 

R. 

Recent fossils, occurrence of. ^H-'U 

Bereptaculites infundiboliforniLH Elaton '^1 

Reconnaissance, extent and chara4*ter of . 1 <^ 1 '.• 

Red BeaclL, rocks at V.*.-n 

Renault and ZeiUer. on Zyjfopteris. _ 4"» 

Reynolds Cove, fossils collected at :.'l 

Rhachiopteris Dawson . .'w^- '»U 

cyclopteroides 7".« 

pinnata 

var- angustipinnn 

punctata 

tenuistriata 

Rhacophyllum Broirnii . 

truncatum 

Rhynchonelloid 

Rhynchotrema forin«>4um 

Rhyolite. occurrence of . . 

Richardson, — , fossils collfM-ttiKi >•>• 

Robbinston. ror'ks at and near 

Rochester shale, ff>s>il> ivfemMl t. . 
Rogers, W.B.. on Pennsylvania t'«'<'l< try 

on Perry fossils _ 

Refers brothers. fo'vHiN.'i,iK-<te<l }.y 
Rogers Lsland, fossils .nlU-i'trMl at . 

s 

St. Andrews. r<xks at 

St. Andi*ew8 Peninsula. r< Nk>» at 
St. Croix River, f « .ssils f n mi . . 

rocks at 

St. Helens beds. ass^N-iation cf 

St. John aeries. Perry ImmI^. <<.rr»'l.iTt(l w 

Salter, J. W,. on Ly<'«>i>'><lit«-> 

Sandstones, a^e and forrflati<Mi . f 

Sargassum Derheniannni 

Sohenck. — . on Lei)tojthl<i-uDi 
Schmalhausen. J.Ton Dimrrii't»ri-> 

on Sphenopteris -: 

Sohiit'hert, Cbarl**!-. ..n Maiuf i<»-«-i 
Sewards Neok. fossiN ci.ll.M-t.ti at 
Sha<'kford Head. fosslK «■. .11. .t*-! a 
Shale. bla<-k. fossils in 

resemblance of coal ami 
Shaler, N. S . on a^*' of jrranir. 

on jfeolopy of (■f)b«^c<M.k Hay >i 



.><^-.V-V 


M 


.'l* •..>'. 


■ ^ 


:.?-:w^ 


^1 




.'.'.» 




:t^ 




ss 




•>; 




>*>» 


-. ( 


^ 




x, 


]\>, '^s 


•«j 




■ttr 




'■■'* 







INDEX. 



107 



Page. 

Shaler, N. 8., on Mooee Island series 26 

on Perry basin 17,2^-86,87 

on Silurian rocks 21 

Sheridan sandstone, reference of 24 

Silnrianage, fossils of 21-27 

rocks of, occurrence of 10,21,25-27 

Sipp Bay, rocks at head of 25 

Slates, occurrence of 21 

Slates, black, resemblance of coal and 90-92 

Smith, O. O., appendix on *'coal in other localities 

inMainfe"by 90-«2 

chapter on descriptire geology by -• 18-36 

chapter on economic geology by 85-80 

detail of. and part of report prepared by 9-10 

Smith and White, fossils found by 26 

Solms-Laubach, Count H. zu, on fern skeleton 00 

on Leptophloeum 71-72 

on Priilophyton 54,63 

on Sphenopteris 52 

Species, fossil, descriptions of 36-84 

Sphenopteridium Schimper 58,67 

sp 58,81 

Sphenopteris Sternberg 46,57-58 

afBnis 81 

condrusorum 47,52,81 

fllicula 57-58,81,83 

flaccida »,81 

flexilis 57,81 

Hitchcocki 42,45,46,47 

Hitchcockiana 45 

Lebedewi ' 57 

moravica 81 

recurva o6 

vespertina 58 

sp 56 

Spirifercf. octocostatus 23 

cf. perlamellosus 28 

?8p 24 

Spirorbissp 22 

Sporangites Dawson 76 

huronensis 76 

Jacksoni 75,76,88,102 

Sporochnus Krejci 58,81 

Squaw Lake limestone, associations of 24 

Stembergia sp 89,71 

Stigmaria ptisilla 69-70,72 

pp .•- 69 



Page. 

Stropheodonta cf . Beckii 22 

cf. varistriata 22 

planulata 22 

fsp 22 

Structure, geologic, of Perry formation 32-34 

Stur, Dionys, on Barrandeina 50 

onHostinella 80,68 

on Sporochnus 58 

Syenite, occurrence of 20 

T. 

T»niocrada D. White 87 

palmata 87,80,.9^ 

Tellinomya n. sp 28 

Tentaculites 26 

• elongatus 22,28 

Trap rock, occurrence of 20 

Trask, W. F., boring by 86,88-89 

Trematoepira cf. simplex 22,28 

Trenton fossils, occurrence of 22 

Triassicage, rocks referred to 18 

Trichonumites sp 57 

filicula 57 

U. 

Uncinulus mutabilis 22 

Underclay , absence of 87 

Unger, Franz, on fossil 57,81 

V. 

Valfier, A., on Alcicomopteris 55 

Volcanism, presence of 87-88 

W. 

Warsaw fossils, occurrence of 22 

Washington Ck>unty, petition by residents of 9 

West Pembroke, fossils found at 26 

White, David, chapter on paleontology by 85-84 

detail of, and iiart of report prepared by 9-10 

onBrittsIa 48 

review of literature by 11-17 

White and Smith, fossils found by 26 

Whiteaveeiaq>.,new 26 

Whitings Bay, fossils collected at 21,22 

Williams, H. S., determinations of fossils by.. 21-24,26-27 
on Moose Island series 26 

Z. 

Zaphrentissp 22 

^vgopteris 48 



o 





^^^^^^K I.VTEKiUK ^^^^^H 


^^^^B UNITEP STATES GEOLOGICAL SUBVEY ^^^^| 


^^^^^^B CHARLES n W,t(.nr>IT. DiUXTOk H 


^H 




1 


■ LEAD, ZlNf, ANT) FLUOHSPAR DEPOSITS .^H 


H WE8TERN KENTUCKY ^H 


^^H^ E. O. TTLlflClI mid ^V. S. TAN(JIEK SMITH 


1 


^^1 WASHINGTON I 


1 


^^^1 OOVHBNMENT I'lClKTINO >>rflVB ^M 




^^H 190& ^^^^^H 




^^H 



7.'. 1. Httl, 



{k, EcODOiiuc 8«ol»T, 46 
B, DwehptiTt Onligj, 68 
C 8;st«mtlic OwLogy and FalMntolofj, 71 

DEPARTMENT OF THE INTERIOR 
UNITED STATES GEOLOGICAL SURVEY 

CHARLES D. WALCOTT. UlBUTTOB 



THE 

LEAD, ZINC, AND FLUORSPAR DEPOSITS 

OF 

AVESTERN KENTUCKY 

BY 

E. O. XTLRICH and W. S. TANGIER SMITH 




WASHINGTON 
GOVEENMENT PRINTING OFFICE 



CONTENTS. 



Pace. 
Letter OP Transmittal, BY C. W. Hayes 5 

Part I. Geology and General Relations, by E. 0. Ulrich 7 

Part II. Ore Deposits and Mines, by W. 8. Tangier Smith 107 

Index 209 

3 



lETTER OF TRANSMITTAL 



Department of the Interior, 
United States Geological Survey, 

Washington^ D, (7., June 5, lOOi.. 
Sir: I have the honor to transmit herewith the manuscript of a report on " The 
lead, zinc, and fluorspar deposits of western Kentucky," by E. O. Ulrich and W. S. 
Tangier Smith, and to recommend its publication as a professional paper. Field 
work was carried on during the summer of 1902 under cooperative agreement with 
the State Survey of Kentucky, and a brief summary of the results was published in 
Bulletin No. 213, ''Contributions to Economic Geology for 1902." Prior to the 
investigation in 1902, however, Mr. Ulrich spent the greater part of two years 
(1889 and 1890) in the same territory, while attached to the Geological Survey of 
Kentucky. The field was again visited by Mr. Ulrich in 1903, and the results of all 
these studies are brought together in this paper. The district- is one of peculiar 
interest, having a complicated fault structure and unique lithologic and mineralogic 
associations. While the report contains much matter of purely scientific interest, 
it has been prepared with especial reference to the needs of the mining industry, 
and in such form that its conclusions should be of great practical benefit in developing 
the industry in this district. 

Very respectfully, C. W. Hates, 

Geologist in Charge of Geology. 
Hon. Charles D. Walcott, 

Director United States Geological Survey. 

5 



■^\ 



-'1 



% 



r— 

f 



^ 




LEAD, ZINC, AND FLUORSPAR DEPOSITS OF WESTERN KENTUCKY. 



Part I.-GhEOLOGhY AND GENERAL RELATIONS. 



By E. O. ULRICH. 



► * 




CONTENTS OF PART 1. 



Page. 

Chapter I. Introduction 16 

Location and general features of the district 16 

Geography and distinctive characters 16 

Topography 15 

Exploration and development '. 16 

Literature ^ 16 

Mining 20 

Recent geologic work 21 

Chapter II. Stratigraphic Geology 22 

General statement 22 

Table of formations 24 

Devonian 25 

Ohio shale 26 

Carboniferous 26 

Tullahoma formation 26 

Lithologic characters 26 

Outcrops 27 

Contemporary formations in other regions 27 

Meramec group 28 

Spergen limestone 28 

Lithologic characters 28 

Topography 29 

Paleontology 29 

Distribution 30 

Nomenclature 30 

St. Louis limestone 31 

Lithologic characters 31 

Topography \ 31 

Paleontology 33 

Distribution 35 

Nomenclature and correlation 36 

Chester group 36 

Character and subdivisions 36 

Generalized section 38 

Ste. Genevieve limestone 39 

General features 39 

Subdivisions 39 

9 



I 



10 CONTENTS OF PART 1. 

Chapter II. Stratigraphic Gboloot — Continued. Paga. 
Carboniferous — Continued . 
Chester group — Continued. 

Ste. Genevieve limestone — Continued. 

Fredonia oolitic member 40 

Roeiclaie sandstone member 40 

Ohara limestone member 41 

Sections 41 

Topography 44 

Paleontology 45 

Distribution SO 

Derivation of name and synonymy S2 

Cypress sandstone 53 

Ldthologic characters 53 

Topography 53 

Paleontology 54 

Distribution 54 

Nomenclature - 54 

Tribune limestone 55 

Lithologic characters 55 

Topography 56 

Paleontology 56 

Distribution 50 

Nomenclature and correlation 60 

BirdsviUe formation -. 60 

Lithologic characters 60 

Generalized section 61 

Topography 62 

Paleontology 63 

Distribution 65 

Nomenclature and correlation 65 

Pottsville group 66 

Mansfield sandstone 66 

lithologic characters 66 

Topography 68 

Paleontology 68 

Distribution 69 

Nomenclature and correlation 76 

Alluvial deposits 70 

Chapter III. Qeolcxsic Structure 71 

General features 71 

Faults 72 

General character of faults 72 

Tracing of faults 72 

Division of faults into systems 73 

Date of faulting 75 



CONTENTS OF PABT 1. 11 

Chapter III. Qeolooic Stbucture — Continued. Page. 
Faults — Continued. 

Detailed description of faults 75 

Lost of faults and dikes 75 

Northeast-southwest faults 76 

Undetermined fault 76 

Fairview fault 77 

Rosiclare fault 78 

Lola fault 78 

Faulted blocks at and west of Sheridan 78 

Corn fault 79 

Dyere Hill fault 79 

Latrobe fault...... 80 

Pittsburg fault 80 

Fault 2i miles east of Smithland 81 

Miller fault 81 

Larue fault 81 

Glendale fault 82 

Sandy Creek fault ^ 82 

Minor fractures between the Sandy Creek and Columbia faults 83 

Evening Star fault 83 

Columbia fault 84 

Memphis group of fractures 85 

Stevens fault 85 

Marion fault 1 86 

Woods fault 86 

Hodge fault and associated fractures 87 

Crittenden fault 88 

Yandell fault 89 

Bibb group of fractures i 89 

Tabb faults 89 

Faults bordering large sandstone hill west of Princeton 90 

Princeton fault 90 

Saratoga fault 90 

Two smaU faults south of Princeton 91 

Friendship fault 91 

East-west faults 91 

Fredonia fault .' 91 

Lowery and Marble fissures 92 

Matthews fault '. 92 

Clay Lick fault 92 

Skinframe fault 93 

Eddy Creek fault 93 

McGowan fault 94 

Northwest-southeast faults 95 

Tradewater fault 95 



12 CONTENTS OF PABT I. 

Chapter III. Geologic Structure — Continued. Page. 
Faults — Continued. 

Detailed description of faults — Continued. 
Nortnwest-soutkeast faults — Continued. 

Bodard fault 95 

DoUaraon faults 96 

Livingston Creek fault 97 

Hurricane fault 97 

Tolu fault 97 

Holly faults 97 

Puckett Branch fault 98 

Deer Creek f aulte 98 

Other small and generally unimportant faults 99 

Folding 99 

Dikes 99 

Flanary dike 101 

Hard dike 102 

Walker dike 102 

Old Jim dike 103 

Carden dike 1 03 

View dike 1 ( )3 

Caldwell Spring dike 104 

Notes on samples of dike rocks 104 






? 

i 



t, 



i 




ILLUSTRATIONS IN PART I. 



Pa^e. 
Plate I. Generalized geologic map of the Kentucky-Illinois fluorite district, showing its 

general relations to surrounding regions 15 

II. Geologic map of Crittenden, Livingston, and Caldwell counties, and a part of Lyon 

County, Ky 22 

III. Fossil corals of the St. Louis limestone 32 

IV. Bryozoa and other fossils of the St. Louis and Birds ville limestones 34 

V. Corals of the St. Genevieve limestone 46 

VI. Blastoids and crinoids of the limestones of the St. Louis, St. Genevieve, Tribune, and 

Birdsville formations 58 

VIL Pentremites of the Birdsville formation 64 

13 



E 



''F^ 







L>.S. GEOLOGICAL SURVEY 



PROFESSIONAL PAPER NO 36 




THE LEAD, ZINC, AND FLUORSPAR DEPOSITS OF 

WESTERN KENTUCKY, 



By E. O. Ulrich and W. S. Tangier Smith. 



PART I.— GEOLOGY AND GENERAL RELATIONS, 



By E. O. Ulbich. 



CHAPTER L 

INTRODUCTION. 

LOCATION AND GENERAL FEATURES OF THE DISTRICT. 

• 

Geography and distinctive characters. — The fluorspar, lead, and zinc deposits 
that were the subject of the investigations reported in this paper are situated in Liv- 
ingston, Crittenden, and Caldwell, and adjacent portions of Christian, Trigg, and 
Lyon counties, in western Kentucky, and in the counties immediately across the 
Ohio River, in the extreme southern portion of Illinois. This area, constituting what 
may be aptly termed the Kentucky-Illinois fluorite district, contains also lead, 
zinc, and other minerals in subordinate quantities and values. It is usually con- 
sidered a minor division of the lead and zinc districts of the Mississippi Valley, 
but is in some ways rather sharply distinguished from the other districts of the 
valley. It differs from the other districts chiefly in the following respects: (I) In 
the presence of basic igneous dikes; (2) in the abundance of fluorite and its almost 
constant association with the lead and zinc ores; and (3) in the mode of occurrence 
of the ores, which are found principally in true fissure veins that have resulted from 
fracturiiig and subsequent faulting. In the other districts the lead and zinc are of 
primary importance, while m this region the igneous dikes and the fluorite are the 
primary or predominant features and the lead and zinc are only incidental. 

Topography. — The surface of the area is generally rolling and more or less 

irregularly broken. Some comparatively level uplands occur, but they are always 
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18 LEAD, ZINC, AND FLUORSPAR DEPOSITS OF WESTERN KENTUCKY. 

stratification of the beds. The presence of such igneous rocks in the Derbyshire 
lead region is the only important traceable difference in the otherwise strong analogy 
existing between the two formations. ♦ ♦ * 

** The richest argentiferous galenas of this State which we have tested up to this 
time, for the percentage of silver which they contain, have yielded about one part 
in a thousand, or 32 ounces to the ton.'' 

Of Owen's observations on the lead and zinc district of western Kentucky, 
only his comparison with the Derbyshire deposits, which perhaps are closer tlian ■ 

he knew, and his recognition that the deposits occur in fissure veins, have proved f 

to be of permanent value. His statement concerning the highly argentiferous 
character of the galena doubtless rests upon error. According to the best evidence 
now available the maximum amount of silver to the ton of galena is probably less 
than 5 ounces, and as a rule it seems not to exceed 2 ounces. j 

A. H. Worthen, in 1866,'* published a report on the geology of Hardin County, \ 

111., embracing the results of examinations made by himself and Henry Engohnann ^ 

and a report by Dr. J. G. Norwood on the Rosiclare lead mines. Norwood's inves- 
tigations were made several years prior to 1858, probably about the same time 
that Owen and Lyon were at work in western Kentucky. From these* n^ports it 
appears that the first discovery near Rosiclare of a vein containintr galena and 
fluorspar was made in 1839 in a well on the Anderson property at Fairview. In 
1841 the same vein, apparently, was found in digging another well, i)ut. as in the 
first instance, little attention was paid to it. The first attempt at mining was 
begun in 1842-43, on a deposit discovered about two-tliirds of a mile northwest 
of the town of Rosiclare. Desultory operations continu^nl on this, the Pell (or 
Rosiclare) vein till the close of 1849. In the meantime some work was done on 
the Anderaon or Good Hope (now Mullin's) vein, some .'^oO yards west of the Har- 
rison diggings on the Rosiclare vein, but all operations in the re«j:ion wi^re .sn^j>ended 
in or before 1850. Doctor Norwood's report mentions four veins in the vi( init y 
of Rosiclare, bearing from N. 30° to N. 35° E., and briefly describes the work done 
on each. In conclusion, he advises ^^the prosecution of the* work. provid(»d a 
sufficient amount of capital can be invested to insure tho xoms Ixmiiu: worked in a 
proper manner.'' Worthen adds certain details and also notes on other ^^alen.i- 
and fluorspar prospects in Hardin County. He repirds the veins as ' piohahly 
gash veinSy formed by the shrinkage of the strata, and eonsecjueiuly a> confined to 
the group or set of strata in which they appear; but as this i:ron|) may he a> nnn h 
as 300 or 400 feet thick in this county, it affords an ain])le Held h^Ui^|_£yJj|lL^ .v'|)('i:;i, 
tions.^' An analysis of the galena by Prof. J. I). Wlutn(\v is ^aid^^ 
silver ^'amounting to as much as 9 ounces to the ton of ore.' 

The next study of which we have any pii])lished account- \\ a 
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tioned where these minerals had been found ''in the alluvial soil and sometimes in 
veins in limestones.'' 

In 1846* D. D. Owen published a paper on lead deposits in southern Illinois. 

In 1852 * Prof. George J. Brush published a brief notice of his visit to the mines 
near Rosiclare, 111. He described the galena as argentiferous, his specimens having 
yielded 4 ounces of silver to the ton, and says that " an immense amoimt of remark- 
ably fine quaUty of fluorspar could be obtained from these veins.'' 

The preceding notices refer only to occurrences of fluorspar and galena on the 
north side of the Ohio River. Others mentioning galena only were published diuing 
the same period, but on account of the wide distribution of that mineral are not 
deemed of sufficient interest to be noted here. For the Kentucky side of the district 
the earliest recorded geologic investigations in which the presence of fluorite and, 
for the first time in the district, of blende, was recognized seem to be those carried 
on in 1854-1857, during the progress of the first geological survey of the State of 
Kentucky, by David Dale Owen and his assistant, Sidney S. Lyon. These investi- 
gations were merely reconnaissances incidental to the determination of the western 
margin of the western Kentucky coal field, which extends into the territory that 
forms the subject of the present report. The results of these casual examinations 
are embodied in brief notes and references which, with chemical analyses (made 
chiefly by Robert Peter) of limestones, iron ores, and other materials from the region, 
are scattered through the four reports of Owen's survey of Kentucky. The notes 
having principal interest in this connection occur on pag^ 86 to 88 of Voltmie I, 
Geological Survey in Kentucky, 1856. Here Owen speaks first of the deposits of iron 
ore, which he found to extend in a direction ranging from N. 18° to 20° E., and 
which he was inclined to beheve "had their origin in fissures or lines of fracture of 
determinate course and of large dimensions, whence an inexhaustible supply may 
be obtained if ever the superficial masses fail." 

Concerning the metalliferous veins he says: 

"Immense veins of fluorspar, sometimes 50 feet in width, traverse the south- 
western belt of the sub-Carboniferous formation. Two systems of veins are recog- 
nizable; one set having a bearing N. 18° to 21° E., and cross courses running N. 54° 
to 58"^ E.; the former of these systems has, therefore, the same course as the veins of 
iron ore previously noticed. Both systems of veins afford sulphuret of lead; and 
the former contains sulphuret of zinc, and probably also sulphuret of antimony. * * * 

"It is important to observe * ♦ ♦ that the lead mines of Derbyshire are 
in a Hmestone underlying the Millstone grit, as in Crittenden County, and that the 
sulphuret of lead is accompanied by the same veinstones. ♦ * ♦ 

"As yet I have not observed any trap or toadstone, either cutting the sub- 
Carboniferous Umestones of Kentucky in dikes or insinuated horizontally into the 

a Quart. Jour. Geol. Soc., vol. 6, p. 438. f> Am. Jour. Sci., 2d eer., vol. 14, July, 1852, p. 112. 
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CHAPTER II. 



STRATIGRAPHIC GEOL.OGY. 



GENERAL STATEMENT. 



Although based chiefly on the fuller investigations carried on in the southern 
half of the Kentucky-Illinois lead and zinc district, the following description of the 
stratigrapliic geology applies also, though in less detail, to Hardin and Pope counties. 
111. These two counties embrace the more important parts of the northern half 
of the district. 

No complete section of any of the Mississippian formations, save in the Tulla- 
homa outcrop, on the south side of the Ohio shale areas, in Hardin County, 111., has 
been observed within the region that forms the subject of this report. This is duo 
partly to lack of exposures, but more especially to the extremely faulted character of 
the area. Owing to this faulting, the areal distribution of the formations is very 
irregular and patchy. By means of careful paleontologic and litholotric r()ni]nir- 
isons, however, it has been possible to determine the sequence of the disconnected 
beds and thus to construct columnar sections that, it is believcHl, will servo the 
purposes of fairly accurate stratigraphic work. The results of the strati^rraphic 
investigations in the district have been checked with published sections of the 
formations represented in neighboring parts of Illinois, Kentucky, and Missouri, 
but more particularly with the writer's own studies of the Mississippian rocks in 
the same areas and elsewhere. 

No rocks older than Carboniferous outcrop on the southern side of the* Ohio 
River in this district. On the Illinois side, however, Devonian black shalt^-^. douht- 
less representing the Ohio shale of Ohio, Indiana, and (Cistern Keniu( k\ , and the 
equivalent Chattanooga shale of eastern and west<'rn T(»nnesse(^ and Ala) )a inn. 
come to the surface in two small areas, apparently at the top ol a doim^-hkr 
stratigraphic elevation near the middle of the western fourth of Hardin Count \ 
Encircling these Devonian shales are rough hills, composed priii(ij)allv of siU - 
ceous shales and limestones, with very abundant layers of (Ikh Ix IniiLrin*^ to th( 
TuUahoma formation, which here, as in western and middle Teiinr 



•rj^vcdllSt It Ulc 

the basal division of the Mississippian series of rocks. The TiillVI^^^I'Ifei&iiLit ioi 
is the oldest of the rocks outcropping in the Kentucky ( onuT 
but even this formation has been definitely reco<j:nized at only5;i 
territory covered by this report. 
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Except possible small outliers of true Coal Measures near the Tradewater River, 
in Crittenden County, Ky., the highest Paleozoic formation in the district is 
a variable, generally coarse, and often conglomeratic sandstone of Fottsville age, 
for which the name Mansfield sandstone, used in recent reports of the Indiana 
Geological Survey, is adopted. 



TABI.E OF FORMATIONS. 

The following table shows the stratigraphic relations and the cqiiivalcnls 
the Paleozoic rocks of tlie district: 

Tahle of formations in the Kt^itucky-III InoU flmtriie dktrict. 



I? I 



HMisfield Muidetone. 



BirdBville (onnation. 



5 .§ Tribune limestone. 



(OhBitt limeetone. 



St. LouU limeetone, 
Spenten limMtone. 
Wareaw fomialion — lackitii) 



KoskaKkialiiiipxtoneof HhII. 
BtoHf al authiirs. Himi 
recent IndhtiiB rtrxirlH if 
ville [(>riii[i<ii>ii. 



Burling;!. 
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The classification of the Mississippian formations in the above table differs 
in several respects from any heretofore published. Full arguments favoring the 
innovations will be presented in a work on the Paleozoic section in the Mississippi 
Valley, now being prepared for publication. This work will contain also a discus- 
sion of all the broader stratigraphic problems, so that the following description 
of the formations embraces little matter that is not required to show their strictly 
local characteristics. 

DEVONIAN. 
OHIO SHALE. 

This is a black or dark-gray fissile shale that comes to the surface in two small, 
irregular, basin-like areas in the western part of Hardin County, lU. These two 
areas occur apparently at the summit of a single, dome-like elevation of the strata, 
the separation of the shale outcrops, if there are not really two subordinate summits, 
being the result of incomplete erosion, which left a ridge or divide composed of 
the rocks of the next higher formation between them. In the western of these 
areas the shale is exposed at short intervals, aggregating perhaps a half mUe, along 
Hicks Branch of Grand Pierre Creek. In these exposures it seems as a rule to 
dip strongly, but the direction of the dip is so variable and the exposures are so 
limited that the total thickness of shales brought to the surface can not easily be 
estimated. According to Worthen and Engelmann" " the entire exposure does not 
exceed 20 or 25 feet in thickness," but Mr. H. F. Bain and the writer, who visited 
the locality together, estimated the thickness at not less than 50 feet and as possibly 
more than 100 feet. 

At the western edge of the outcrop a layer was observed that is regarded as 
representing the one commonly found at the top of the formation in middle Ten- 
nessee.^ It is only a few inches thick, contains nodular masses, and a variable 
quantity of grains of glauconite. The latter impart a more or less distinct greenish 
tint to the layer. Next above it come gray shales. No fossils were observed. 

Although there is little besides stratigraphic position and Uthologic characters 
on which to base the reference of this black shale to the Ohio formation, it is so 
referred with the utmost confidence. In every feature this Hardin County shale 
is practically identical with many of nearly a hundred exposures of this formation 
examined by the writer in Kentucky, Tennessee, and Ohio. From Lake Erie 
southward to northern Georgia and westward to this district the Ohio shale is remark- 
ably constant in its Uthologic characters. Despite this constancy the formation 
has received a number of names. The name Ohio shale, proposed by Andrews,^ 
the oldest of the geographic names applied to this formation, is here adopted. 

aOeol. Surrey nUnoU, vol. 1, 1886, p. 352. 

b Description of the ColumbiA quadrangle: Geological Atlaa U. S.. folio 05, U. 8. Qeol. Survey, 1903. 

e Qeol. Survey Ohio, Rept. Prog, for 1809, p. 62. 



mapping of the area the lower line should bo traversed and tlir^.^j^K^jijilm^ 
eliminated from the area of the TuUahoma as now mapixMl. 

The topographic aspect of the ty{)ical Tullalioiua is cxtivT^ 
undeoomposed stratified rocks themselves are ])ut rarely seen, li;i 
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CARBONIFEROUS. 
TULLAHOMA FORMATION. 

LvOiologic characters. — ^The TuUahoma formation in this district is at the 
bottom a gray, clayey shale, that farther upward gradually includes more and 
more siliceous and calcareous matter until, from about the middle of the formation 
upward, it is a highly siliceous and more or less earthy limestone. In exposures of ^ 

its lower half or two-thirds the silica is contained chiefly in plates of often flint}^ chert , r t^ 

averaging about 4 inches in thickness, separated by from 2 inches to several feet 
of shales. By dividing the total thickness — from 200 to 250 feet — observed alon^]: 
Hicks Branch in Hardin County, III., into 50-foot intervals, the change in litholofrif 
character may be expressed as follows: In the basal 50 feet the shales predominate 
in the ratio of about 2 to 1. In the next 50 feet the layers of shale and chert con- 
stitute about equal proportions of the mass, while an occasional layer of limestone 
is intercalated. In the third 50 feet the shale decreases to little or nothing, whih* 
the alternating limestone and chert bands are about equally important. In tlic 
fourth 50 feet shales are practically absent, the limestone has become soniewl'at 
heavier, though irregularly bedded, and the chert proportionally rather l(»ss 
abundant and inclined to form flattened nodules instead of even ])hites. At the 
top there are 25 feet or more very slightly cherty, light-colored, nuissivo or laminated 
limestone, containing fenestellid Bryozoa. These probably pass into s(Mnio()liti( 
limestones. 

The light-colored, subgranular, and only very slitT:htIy cliorty limc^stonos 
observed at the top of the formation in Hardin County, III., do not strictly l)('lon<: 
to the TuUahoma. As understood by the writer, they occur ahovi^ the uncontoi inity 
separating the TuUahoma from the formations of tlie succe(Mlin<; Meiamec ^rroup, 
and should therefore be referred to the latter ^roup. However, in nuii)])!!!*: the 
area in Hardin County containing the Ohio shale and Tullaiionui formation, !Mr, 
Bain found it convenient to draw the basal line of the overlyin<r foiination at tlu^ 
horizon of the first appearance here of a common and c^asily recofrnized ir(Mius «.f 
corals (Lonsdaleia or Lithostrotion) ^ and to refer th(\se eailiei- Iinieston(^s of rlifj 
Meramec group to the underlying extremely cherty and slialy formation, whin 
alone should bear the name TuUahoma. Had the uj)per hmit of the Tuhahon • 
chert been drawn also, the interval between it and the fossilihious elicit of tlu^ St 
Louis limestone above would have corresponded with the Spcrircn onlmc linitv-^ioiirf 
which in this area forms the base of the Meramec j]:roup. In t ljij^ i-ii^^inised {iii;i': 
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only in the beds of the streams that cut through the rims of the small aieas of Ohio 
shale in the western part of Hardin County. Generally the surface of the ground 
is covered with blocks of dense chert. The residual clay containing the liberated 
chert is commonly of a yellowish-gray color, sometimes with a tinge of red, but 
the red is never so pronounced as in the residual clays of the overlying cherty 
members of the St. Louis and Ste. Genevieve limestones. As to the loose blocks 
of TuUahoma chert, they may generally be distinguished by their brick-like form, 
showing as a rule quite clearly that they are fragments of even plates and not of 
rounded nodules, like those characterizing the St. Louis. In certain parts of the 
Ste. Genevieve limestone plates of chert occur also, but in this case the chert is 
nearly always porous. 

Occasionally the layers of limestone and apparently the shale as well are 
entirely decomposed in situ, exposures in such cases appearing as generally yellowish 
clay seams, often gritty, alternating with thinner and thicker layers of dense chert. 
Such an exposure occiu^ opposite the mouth of the Western Tube Company's 
fire-clay mine near Smithland. In other cases, notably in the TuUahoma outcrop, 
3 miles west of Princeton, the whole of the decomposed siliceous mass has the 
appearance of a homogeneous bed of tripoli-l^e material. 

Fossils occur so rarely in this formation that to call it barren would fall little 
short of strict truth. But their very absence gives us one of the best means for 
discriminating between similarly chert-covered areas of this formation and the 
St. Louis. In the latter a search of only a few minutes will rarely fail to be rewarded 
by the discovery of at least a few fossils. 

Outcrops, — The largest and most satisfactory outcrop of this formation in the 
Kentucky-Illinois district forms a rim of hills inclosing the two Ohio shale valleys 
in the western part of Hardin County, 111. So far as known the formation does 
not reach the surface at any other point within this and the adjoining county of 
Pope, in Illinois. On the south side of the Ohio River there are several outcrops 
within the counties embraced in the area mapped, but in the limited time that could 
be devoted to the work it was not possible to distinguish them satisfactorily from 
the overlying formations of the Meramec group. Only two outcrops, therefore, are 
indicated on the maps, and these without any intention to delineate their borders. 
One of these includes the fire-clay mines of the Western Tube Company, located 
about 2.5 miles southeast of Smithland. The other is in Caldwell County, 3 to 4 
miles west of Princeton. Still other TuUahoma areas occur "between the rivers" 
in Livingston and Lyon counties. 

Contemporary formations in other regions. — ^This formation was first studied by 
Safford in middle Tennessee, and for nearly a half century it constituted the lower 
or "Protean" member of his SUiceous group.^ In 1900 he proposed to distinguish 

a Geology of Tennessee, 1809, p. 338. 
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it under the name Tullahoma formation.^ Except the shaly hasal member, which 
is generally wanting in that region and which was not included in that formation, 
the Tullahoma is equivalent to the Fort Payne chert of the southern Appalachian 
region. It represents also in time, though it is very diflFerent lithologically, the 
whole of the Waverly series of Ohio and eastern Kentucky, the Knobstone and the 
Harrodsburg limestone of Indiana, and the Kinderhook and Osage divisions of the 
lower Mississippian series of rocks as developed on the southern, western, and 
northern flanks of the Ozark uplift and in the upper Mississippi Valley. The type 
of deposits of this time that is distinguished as Tullahoma seems to be limited to 
an area lying southwest of an irregular line connecting eastern Tennessee and St. 
Louis, Mo. Along the western half of this Une the cherty rocks of the Tullahoma 
merge rather gradually into the more argillaceous and arenaceous Waverly and 
Knobstone groups lying farther north. 

MERAMEC QROTTP. 

Of the three divisions of the Meramec group named in the table of formations 
on a preceding page, only the Spergen oolitic limestone and the St. Louis limestone 
are distinguishable in this district. The lowest division, the Warsaw formation, is 
possibly in part equivalent to the lower part of the Spergen limestone, but as the 
occurrence of rocks of that horizon in the outcrops of Spergen limestone southeast 
of Ste. Genevieve, Mo., can not now be either definitely denied or affirmed it seem? 
best provisionally to regard the Warsaw as restricted to areas north of wSte. Ciene- 
vieve. Along the Meramec River west of St. Louis all three divisions of the groiij) 
occur in direct sequence. 

SPERQEN limestone/' 

Lithologic characters, — The Spergen Umestone is distinguished fioni the typical 
St. Louis limestone, with which it has heretofore been generally groiij^ed, i)y its 
more or less oolitic character. In this district it has very nearly the same* eharaeters 
as the equivalent Bedford oohtic limestone of Indiana, l)iit the proportion of the 
oolitic layers to the whole mass is less than in Indiana. The oolitie lay(M\s are com- 
monly of lighter or darker shades of gray, or of bulf or drab, the color as a i uh 
contrasting very well with the nearly white or very light gray color of the latt 
ooUtic limestones of the Ste. Genevieve and Tribune limestones. Tlu* c()nij)aratiycl\ 
dark color of the Spergen oolitic limestone in this area and in Indiana is caused by a^yj 
liberal sprinkling of small black or dark-gray specks through tlie nias^of the rock 
Interbedded with the oolitic layers, which are generally niassiye, arc'iisiiffllx ^thinnti 
layers of various kinds of limestone, and occasionally tliin s(»anis ^,f^^''!»^^^' i *^'i '^'*' 
At the base of the thickest sections there may be as nuich as Ji 



a Elements of the Geology of Tennessee, 1900, p. 14.1. 

<>St. Louis limestone, in part, of authors, and includes Hedford oolitic linicNtnnt i.i ii;!' 
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subgraniilar or fine-grained, often laminar and very light gray limestone, filled with 
fenestellid Bryozoa. Outcrops of the formation are easily distinguished from the 
formations next above and beneath it by the comparatively small amoimt of chert 
contained in its residual clays. As it is an overlapping formation its total thickness 
varies greatly in different localities. In Indiana this ranges from a few feet to over 
80 feet. In this district it may reach 125 feet, but as a rule it probably does not 
exceed 100 feet in the outcrops. 

Topography, — On accoimt of the comparatively small amoimt of chert liberated 
in the superficial decomposition of this formation, its outcrop usually forms a relatively 
even band between the chert-covered and often rugged outcrops of the formation 
on each side. However, since the abundant faulting of the district prevented the 
occurrence of large areas of this usually deeply buried formation, it can have no 
very obvious effect upon the topography of the district as a whole. 

Paleontology. — This is the formation from which was procured the well-known 
Spergen Hill, Indiana, fauna, consisting of a large number of mostly diminutive 
species of gasteropods, pelecypods, and brachiopods, with fewer bryozoans, corals, 
ostracods, and trilobites. 

The faima of the Spergen limestone was originally described by Hall" without 
illustrations, but in 1882 Whitfield* republished the descriptions, together with 
good illustrations of the species. In the following year Whitfield's plates were 
again published by Hall^ with the original descriptions, but the latter are much 
improved by the addition of comparisons hitherto unpublished. It is to the last 
work, then, that the attention of the student wishing further knowledge of this 
interesting and in many respects remarkable fauna is directed. It has a special 
interest for this region, because it reappears with very slight modifications in the 
Fredonia oolitic member of the Ste. Genevieve limestone, and again in the similarly 
oolitic part of the Tribime limestone. 

This fauna, however, can not by any means be said to be evenly distributed 
geographically, and in this district it seems to occur only sparingly. Nor can it 
be procured anywhere else in the Spergen limestone so abundantly or in as good 
free specimens as at the localities in Indiana from which were obtained the speci- 
mens originally described. These remarks apply more particularly to the diminu- 
tive moUusks which are found locally in Indiana in great abundance. The larger 
species, especially of the Bryozoa and Brachiopoda, are more generally distributed, 
but, unfortunately, these types, with few exceptions, occur also in the overlying 
St. Louis limestone. Of these larger species the following are the most frequently 

a Trans. Albany Inst., vol. 4, 1856, pp. 3-34. 

6 Bull. Am. Mus. Nat. Hist. No. 3, 1882. 

« Twelfth Ann. Rept. State Geologist. Indiana, for 1882, pp. 319-37.5. 
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Monilopora, sp. undet. 
lathostrotion ? prolifera (Hall). 
Pentremites conoideus Hall. 
*Fistulipora spergenensis Rominger. 
Stenopora tuberculata (Prout). 
* Dicho trypa flabellum ( Rominger ) . 
♦Glyptopora michelinia (Prout). 
Fenestella serratula (Ulrich). 
Hemitrypa proutana Ulrich. 



found, those prefaced by an asterisk {*) being, so far as known, restricted to the 
Spergen Hmestone:" 

Fenestralia si. ludovici Prout. 
Polypora biseriata Ulrich. 
Polypora varsoviensis Prout. 

* Rhipidomella dubia Hall. 
Productus punctatusi 
Spirifer keokuk littoni Swallow. 

* Spirifer tenuicosta HaU. 
Dielasma formosum Hall. 
Dielasma turgida Hall. 

Distribution, — As stated on page 26, the Spergen limestone is included in the 
Tullahoma formation in the provisional mapping of the west-central part of Hardin 
County, 111., by Mr. Bain. It there forms a narrow band on the outer border of 
the tmderlying true Tullahoma, and this in turn surrounds the Ohio shale outcrops, 
which occur near the apex of a truncated dome. On the Kentucky side of the 
river several areas were observed in the southern parts of Livingston and hyon 
counties; also one in the northern part of Crittenden County, where it oiitcro})s 
as an oolitic limestone for a mile or two along the west side of the Larue fault. 
The last area is indicated on the map, but without any attempt to delineate its 
borders. Because of the unusual difficulties encountered in inappinji: the areal 
distribution of the formations in this district and the short time at disposal the 
differentiation of the formations beneath the Ste. Genevieve was not attcm])teci 
except in the case of a block of this Umestone at Livingston chapel, in the rc^non 
south of the Cumberland River. North of this river only a sintrlc outcrop of Sper- 
gen limestone (above mentioned) is known. Thougli not observed, it is i)e[ievo(i 
to occur in the undifferentiated Meramec-TuUahoma area west of Princeton. 

Nomenclature, — ^This formation takes its name from Sper<ren Hill, near llar- 
ristown, Ind., where the fossils known as the wSper<i:en Hill fauna were procured 
and described by Hall nearly fifty years ago. lentil recently the formation was 
not distinguished, the limestone bed, which is mainly oolitic, hein^,^ referred sonii 
times to the underlying Keokuk, or, more commonly, to the overlyin^; St. Loui^ 
As the fauna characterizing the bed has always been, and douhtless will continue \n[.\ 
be, known as the Spergen fauna, the same name is preferred for the foi ination. hi 
recent reports of the Indiana Geological Survey, Ho|)kins and Sicheiuhal eniplov 
the name '^Bedford'* for the formation. As this name lias la en iii.^'inSlHU ^ii^^'f^ 
another formation in Ohio since 1871, Cumings rejects "I^cdfoK* 
"Salem" instead. However, both of these names are ohject inii;j>iS 
names, for they are widely and consistently employed as trade ifiv* 
stone. 



«The paleontoloffic dPtorminations In this work woro noarly all iiia<lf riftmi yt.tr-^ ;i-.. .1 
these for the present report except to the extent of brinpiiitr most of tin- u'ciirrir n icn n. . - i,: '■: 
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ST. LOUIS LIMESTONE. 

LUholoffic characters, — As developed in this region, the St. Louis limestone 
consists of at least 300 feet, and possibly as much as 400 feet, of chiefly dark-gray, 
rather heavy-bedded, and highly siliceous Umestone. Interbedded principally in 
the lower half are more pure, gray, crinoidal, and subcrystalline layers. Some of 
the layers in the lower fourth contain small quartz geodes and often exhibit a 
tendency to become shaly. The limestone of the upper half is on the. whole much 
finer grained than that of the lower half, and usually is also of lighter color. All 
parts of the formation liberate chert on decomposition, but chert is particularly 
abundant in the upper half. 

These limestones are more readily decomposed than any other in Kentucky. 
In consequence of the relative ease with which decomposition takes place, it fre- 
quently extends to considerable depths, the chert-bearing residual mantle some- 
times reaching a thickness of 50 feet or more. For the same reason the limestone 
itself is rarely seen in natural outcrop except along rapidly eroding streams. As 
a rule, therefore, the age of the St. Louis limestone areas in this region must be 
determined chiefly by the character of the residual mantle. This, as stated, gen- 
erally contains chert in great abundance, and it is by the character of its chert 
that the formation may be recognized. It is usually of dense structure — occa- 
sionally flint-like, rarely cellulose — yellowish or of various shades of gray, and 
occurs mostly in rounded lumps ranging from 2 to 6 inches in thickness. Any 
exposure in this area that exhibits a considerable number of such rounded, often 
ball-like masses of dense chert, may be confidently referred to the St. Louis lime- 
stone. Similar rounded lumps of chert may occasionally occur in exposures of 
decomposing Ste. Genevieve limestone, but these can always be distinguished by 
their cellulose character. 

In but gently hilly St. Louis areas, as in the vicinity of Irma, chert and rocks 
of any kind are comparatively rare at the surface. This is probably due chiefly to 
the proportional scantiness of wash on such areas and the consequent long contin- 
uance of the decay of the surface. Occasionally, however, it may be due to the 
less cherty nature of some of the beds of the formation, which in such cases may 
be at the surface. In such gently undulating areas the soil is of Ughter color 
than usual, being yellowish rather than red, and this feature joins the topography 
in denoting areas underlain by the Birdsville formation of the Chester group. 

Topography. — As a rule, the topography of areas exposing the St. Louis lime- 
stone, especially if they are small and contiguous to Chester sandstone areas, is 
rather rugged. When they are of large size and contain parts distant from main 
drainage Unes their surfaces are sometimes so well protected from erosion by the 
residual chert mantle that comparatively gentle undulations may prevail. How- 
ever, on account of the readiness with which the Umestone decomposes and the 
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FOSSIL CORALS OF THE ST. LOUIS LIMESTONE. « 



Figs. 1 and 2. Views showing parts of the top and side of a mass of Liihostrotionf eanadense^ the most 
characteristic fossil of the St. Louis limestone. 

Figs. 3 to 7. Views of three specimens of Lxthostrotiont proliferum Hall. Fig. 3 represents an unu.sually 
well preserved example of a variety of this species, characterized by the great prominence and twisted character 
of the columellar boss that rises from the floor of the calyx, and also by the relatively small size of the corallites. 
The specimen is from ClarksviUe, Tenn. Figs. 4 and 5 show the sides and figs. 6 and 7 the calires of large 
parent corallites, found at EddyviUe, Ky. Fig. 5 shows a ring of young corallites budding from the lower part 
of the parent. 

These two corals have been for many years referred to the genus Lithostrotion, yet the coluimlla i^ not 
styliform, but is produced by the central elevation and intertwining of the tabuhr.and the sporios van not, 
therefore, belong to this genus. The structure of these corals is much nearer that of Lonsdahia. hut in the 
almost chaotic state of our knowledge of Paleozoic corals the writer hesitates to make a change in generic 
names. 



a All the fossils illustrated in tbifl report are contained in the "Ulrich collection, wliich now Ixlongs to the United 
States National Museum. 
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frequency of caverns and underground channels,^ the surfaces of even these less 
rugged areas are often diversified by ''sink holes.'' Along the major streams, par- 
ticularly the Cumberland River, bluffs 100 feet or more in height are common. 

Paleontology, — ^Taken as a whole, the St. Louis limestone is the least fossilif- 
erous of the limestone formations in this region, except the Tullahoma. Yet certain 
parts contain organic remains in great abundance and considerable variety, while 
one or both of two species or varieties of a lai^e composite coral — Lithostrotionf 
canadense and LJ proliferum — may be found nearly everywhere in St. Louis areas. 
In LJ proliferum (see PI. Ill) the hemispheric coral mass is made up of separate 
cylindrical coralUtes, usually one-half to three-fourths of an inch in diameter. In 
LJ canadense (see PI. Ill) the corallites are in contact and polygonal, and together 
form a soUd mass. The former species apparently occurs alone in the ooUtic Ume- 
stones of the Spergen formation, and possibly also in the basal part of the St. Louis, 
while LJ canadense occurs alone in the upper third or half of the St. Louis limestone. 
They are thus, when not found together in the same bed, characteristic of their 
respective horizons. Both species, however, seem to be about equally common 
in the lower half of the St. Louis. (See PI. IV.) 

The fossil horizons in the lower 200 feet contain only a few rare individuals 
of the MoUusca of the Spei^en Hih faima, but most of the Brachiopoda and Bryozoa 
are present, besides others of these classes not known in that fauna. The plates 
of species of Melonites (see PI. IV), which genus seems confined to this formation, 
are the principal element of the new fauna. Bryozoa also are very abundant, 
especially when the beds are shaly. Out of a total of over 50 species the following 
list contains the commonest and probably also the most characteristic forms. The 
latter are distinguished by an asterisk (*). Figures of some of the species will be 
found on the accompanying Plates III, IV, and VI. 

Charaderigtic fossils of (he St Louis limestone. 

♦Syringopora, sp. Polypora varsoviensis Prout. 

Monilopora (near crassa). Polypora biseriata Ulrich. 
*Litho8trotion (9 Lonsdaleia) canadense Castleman. *Cystodictya major Ulrich. 

Lithostrotion (f Lonsdaleia) proliferum Hall. Rhynchonella mutata Hall.^ 

*Zaphrentis calcariformis Hall. Dielasma formosum Hall. 

Palspacis cuneiformis Edwards & Haime. Dielasma turgida Hall. 

Pentremites conoideus Hall. Spirifer keokuk littoni Swallow. 

*Pentremites cavus Ulrich. Reticularia setigera. 

*Melonites miiltipoms Owen & Norwood. Eumetria vemeuilana Hall. 

*Melonites crassus Hambach. Productus punctatusi 

*Arch8Bocidaris wortheni HaU. *Myalina sancti-ludovici Worthen. 

*Dichocrinus simplex Shumard. Bellerophon gibsoni White. 

Fenestella serratula Ulrich. *Euomphalus, sp. undet. 

Hemitrypa proutana Ulrich. *Naticopsis, sp. undet. 

Fenestralia st. ludovici Prout. *Spirorbis imbricatus Ulrich. 



a This limestone is sometimes called the "Cavernous limestone." The most notable examples of its caverns are the 
Mammoth Cave, in Kentucky, and the Wyandotte Cave, in southern Indiana. The latter has been explored for 23 miles and 
contains a room 240 feet high. 

10606— No. 36—05 3 



L 




/ 










C a, ^ 

11 V 



n\D OTHER FOSSILS OF THE ST. LOUIS AND BIRDSVILLE LIMESTONES 



ST. LOUIS LIMESTONE. 85 

Fossils do not appear to be generally distributed through the upper 150 feet of 
the formation, but the cherts residting from the decay of certain unplaced layers 
are often crowded with Bryozoa (chiefly FenesteUidae) , and Brachiopoda, apparently 
all of species that occour also in the lower beds of the formation. Melonites and 
Archeoddaris, the plates of which are common in the lower beds, have not been 
observed in this part of the formation. Lithostrotionf proliferum also seems wanting 
but L.f canadeTise is not imcommon. 

Distribution. — Over nearly the whole of Lyon County and the adjoining greater 
part of the southern half of Livingston County the St. Louis limestone is the surface 
rock. This limestone area extends eastward several miles into southwestern Caldwell 
County and, northeastward, between converging fault lines, as a triangular tongue 
terminating on Flinns Fork, about 3 miles northeast of Princeton. The northern 
boundary of this main area lies in Crittenden County, where it is cut oflf, east of 
Clay Lick, by the Tabb fault and its subsidiary fractures, while west of that stream it 
is limited by the Crittenden fault. Farther west it sends up other fault-bounded 
projections, the largest being rhomboidal in outline and extending to a point about 
3 miles northeast of the mouth of Sandy Creek. On the north and east, except 
for 6 or 7 miles in southern Caldwell County, the boundary is everywhere defined 
by faults; on the southwest by the Tennessee River, beyond which it is covered by 
Cretaceous and Tertiary deposits. Southeastward the area continues around the 
western Kentucky coal field and farther south into Tennessee. 

Another large area borders the Ohio River and embraces the greater part of 
the northwestern angle of Crittenden County. Northward it extends across the 
river into Illinois. On the west it is bounded by the Deer Creek fault; on the 
south and east by the Lerue, Com, and other faults. On account of the abundance 
of cross faults and subsidiary fractures, this border is very irregular, especially in the 
region west of Sheridan, which also, contains several triangular downthrown blocks 
terminating superficially with rocks of later date. 

The irregularity of the fault-defined boundaries of these large areas is greater 
than can be shown with the scale to which the accompanying maps have been 
drawn. It is especially evident where the downthrow is sufficient to bring the 
formations of the Chester group to the level of the St. Louis Umestone. In one set 
of cases it is due to the disruption of the stratified crust along comparatively short 
lines arranged en echelon and paralleling each other but crossing the average strike 
of the fault; in the other, to the step-Uke arrangement of the strata by faults subsid- 
iary to and paralleling a main fracture. The former type is well exhibited by 
portions of the Tabb fault, the latter by the northern end of the Larue fault. The 
faults of the district are discussed and described in detail in Chapter III, which is 
devoted to the structure of the region. 
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Besides the large areas above defined, there are three much smaller ones, all of 
which he within a few miles of the boundary line between Crittenden and Livingston 
counties. The largest of these is traversed by Clay Lick and lies southwest of 
View, between the Marion fault on the northwest and the Crittenden and Hodge 
faults on the southeast. The second forms a narrow strip between the Marion and 
Woods faults and extends southwestward from Pucketts Branch of Clay Lick to 
the Cumberland Kiver. The third, situated about 2 miles southeast of Salem, is 
a small triangle between convei^ing faults. 

Nomenclature and correlation. — ^The St. Louis limestone derives its name from 
St. Louis, Mo., where it was first studied and described by Engelmann in 1847, and, 
more correctly and in greater detail, by B. F. Shumard in 1855.^ According to 
Shumard's definition the formation i^ limited to beds above the oolitic limestones 
for which the name Spergen formation is here adopted. This is clear from his 
description, in which no important bed of oolitic limestone, as is now known to 
occur in St. Louis County, is mentioned. The upper limit is defined by the base 
of his Ste. Genevieve Umestone. The last formation, however, is wanting, as are 
also the succeeding formations of the Chester group at St. Louis, where this lime- 
stone is succeeded unconformably by shales of Pennsylvanian age. Although it 
contains on the whole more chert in western Kentucky than at the type locality, 
there is no doubt that the Umestone here described as St. Louis is strictly the same 
formation as that exposed in the numerous quarries at St. Louis and in the bluffs 
along the river below that city. 

CHESTER GROUP. 
CHARACTER AND SUBDIVISIONS. 

This group of rocks consists of a variable series of limestones, sandstones, and 
shales, which, for the sake of convenience in classification and reference, is separated 
into four main divisions. These should take the rank of formations, discriminated 
chiefly by lithologic differences. Considering their respective faunal aspects only, 
there would be less reason for their separation. Still, the four formations, of which 
two were distinguished and named years ago and two are now discriminated for 
the first time, are not by any means devoid of fossils that so far appear to be charac- 
teristic of each. 

Except for a few plant remains most of the sandstones are unfossiliferous — 
the massive ones nearly always so — yet certain of the more argillaceous and cal- 
careous sandstones of the uppermost or Birdsville formation are often crowded with 
remains of marine invertebrates. The limestones and interstratified calcareous 
shales, however, always contain fossils, and consequently are of the first impor- 
tance in determining special horizons. 

a Oeol. Survey Mtssoiiri, First and Second Ann. Rept«., pt.2,pp. 139, 170, and 181. 
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On account of the extensive and abundant faulting to which this region has 
been subjected, it proved extremely difficult to construct a satisfactory section of 
the rocks. The difficulties were especially trying in the case of this group of strata, 
because the sandstones, which offer greater resistance to decomposition than most 
other sedimentary rocks, are more commonly at the surface than the intercalated 
limestones and shales. Sandstones, of whatever age, look ipuch alike, and also are 
subject to very similar variations. It is therefore no easy matter to determine 
offhand and positively the stratigraphic position of any given outcrop of that rock. 
But it was necessary to do so in many instances in this field, and the result has 
shown that one may become sufficiently familiar with the local Uthologic and other 
peculiarities of sandstones even to make reasonably accurate determinations without 
the aid of fossils. 

In describing the various formations of the group an attempt will be made to 
point out their respective characteristics, though it is recommended that the Uth- 
ologic determinations be verified as far as possible by paleontologic evidence. 
Indeed, it is very doubtful whether one could acquire a clear and accurate conception 
of the stratigraphy and structure of this region, and more especially of its Chester 
and Mansfield areas, without considerable training in paleontology. 

In the course of the writer's work in the district in 1889 and 1890 every exposure 
that might be believed to throw light upon the succession of the various beds of the 
group was carefully studied and noted. The best, because least interrupted, sec- 
tions were obtained along the east-west line of the Illinois Central RaiVay between 
Princeton and Claxton. The Ste. Genevieve limestone is very well shown at Prince- 
ton, and the Cypress sandstone caps the hiUs inclosing the valley on the north and 
east. The upper part of the Tribune limestone also is shown in cuts along this rail- 
road about 2 miles east of Scottsburg, while as satisfactory outcrops of the Birdsville 
formation as can be seen in this field occur between these cuts and Claxton. The 
lower third, as well as the uppermost beds of the section of the Birdsville, however, 
had to be compiled from exposures foimd in disconnected areas. 

The top of the group varies greatly in different sections, whole beds being absent 
in some that are present in others. The two lower formations, the Ste. Genevieve 
limestone and the Cypress sandstone, also vary considerably in character and thick- 
ness, but in these cases the variations in volume are due chiefly to overlap and 
nondeposition, while in the case of the top of the Birdsville it is caused principally 
by early Pottsville erosion. 



EXPLANATION OF PLATE III. 

FOSSIL CORALS OF THE ST. LOUIS LIMESTONE.* 

Figs. 1 and 2. Views showing parts of the top and side of a mass of Liihosbrationt eanadense, the most 
characteristic fossil of the St. Louis limestone. 

Figs. 3 to 7. Views of three specimens of Liiho8tratumf proHferum Hall. Fig. 3 represents an unusually 
well preserved example of a variety of this species, characterized by the great prominence and twisted character 
of the columellar boss that rises from the floor of the calyx, and also by the relatively small size of the corallites. 
The specimen is from Clarksville, Tenn. Figs. 4 and 5 show the sides and figs. 6 and 7 the calices of laige 
parent corallites, found at E^dyville, Ky. Fig. 5 shows a ring of young coraUites budding from the lower part 
of the parent. 

These two corals have been for many years referred to the genus LithostroHorit yet the columella is not 
styliform, but is produced by the central elevation and intertwining of the tabulse,and the species can not, 
therefore, belong to this genus. The structure of these corals is much nearer that of Lonsdaleia, but in the 
almost chaotic state of our knowledge of Paleozoic corals the writer hesitates to make a change in generic 
names. 



a All the fossils illustrated in this report are contained in the " Ulrich collection," which now belongs to the United 
States National Museum. 
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EXPLANATION OF PLATE IV. 

BRYOZOA AND OTHER FOSSILS OF THE ST. LOUIS AND BIRDSVILLE LIBfESTONES. 

Fio. 1. Small slab of lower St. Louis limestone, showing the noncelluliferous side of a frond of Fenestralia 
si. ludavici Prout, 4 miles northwest of Princeton, Ky. 

Fio. 2. Another slab from same horizon and locality as the preceding, showing (a) celluliferous sides 
of two fronds of Fenestralia st. Ivdovici Prout, (6) the noncelluliferous side of a frond of Polypora varsotiensis 
Prout, (c) the noncelluliferous side of a small piece of Hemitrypa proutana Ulrich, (d) an imperfect frond 
of FenesUUa ienax Ulrich, and in the lower left-hand comer the coiled shell of an undescribed tubicolous 
annelid, for which the name Spirorhis imbricatus is here proposed (see also fig. 10). 

Fio. 3. The celluliferous face of one of the two fronds of Fenestralia st. ludoviei shown in fig. 2, magnified 
3 diameters. 

Fio. 4. Two specimens of the solid axis of an undescribed species of Archimedes ^ for which the name 
Archimedes lativdlvis is proposed. This species differs from all others known in the unusual width of the 
spiral flange. Not uncommon in shaly limestone belonging to the middle part of the Birdsville formation 
at Champion Hill, about 2 miles west of Salem, Ky. 

Fio. 5. Two axes, one wound to the right, the other to the left, of Archimedes swaUovanus Hall. This 
is a common and highly characteristic fossil in the calcareous beds of the lower and middle parts of the Birdsville 
formation. 

FiOB. 6, 7, and vS. Archimedes confertus^ n. sp. ; fig. 6, the hollow mold of a specimen from a cHlcareous sand- 
stone bed near the base of the Birdsville formation, at Scottsburg, Ky. Fig. 7 is the greater part of a specimen 
consisting chiefly of the central axis only, from an equivalent horizon near the mouth of the Okaw River 
in Randolph County, 111. Fig. 8 is a specimen from the same locality in Illinois that preserves the fenes- 
trated network which extends more or less obliquely outward from the edge of th<' spiral flange in Bryozoa 
of this genus. A. conjerius is related to and has been confused with A. compactus riricli, hut a careful com- 
parison with the types of that species shows that the flange and fenestrated network stand at nearly a right 
angle to the vertical axis in the older species, while in A. conjerius they are direct«'(i upward s«» as to appear 
invaginated in a lateral view. In the new species the axis is also much longer and t liicker, l)ut proportionately 
more slender. 

Fio. 9, a-e. Five examples of the axis of Archimedes meel-anna Ilall, sln)wing extreuK^s in tliiekness of 
shaft so far observed. This species begins as a rare fossil in the Ste. (lenevieve limest«»ne, and ranges almost 
or quite to the top of the Birdsville formation. The five specimens shown in the ligure were found in shaly 
limestone near the top of the formation at Claxton in Caldwell County. 

Fig. 10. The specimen of Spirorhis imbricatus Ulrich attached to the frond of PttJujHtm nirsttrit usis >hn\\ n 
in fig. 2, magnified 3 diameters. This Spirorbis is distinguished from other Mivsi^isippian sp<Mies of the griui^ 
by its strongly lamellar, imbricating surface markings. 

Fio. 11. A plate of Archaeocidaris wortheni Hall. The separat<'(l plates and spines of thi> eehiiiid aiv 
often very abundant in the lower part of the St. Louis limestone. 

Fio. 12 a-c. Interambulacral plates of Mehnites multiporus/ (). »fe X.. r/ and h show thr upp«M- surface^ <»f 
fragments consisting of a number of plates; c, d, and c represent side view^ »»f Imum' plates. ami show tlnii 
great thickness. Plates like these and the preceding found with Lifhosfrnfion.' i>n>/i;t nn,rnm\ Prntfiuxt* 
cavus are always to be accepted as reliable indications of the lower half of the St. LnuN ni_M J:^rMn» 
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Fossils do not appear to be generally distributed through the upper 150 feet of 
the formation, but the cherts resulting from the decay of certain unplaced layers 
are often crowded with Bryozoa (chiefly FenesteUidae) , and Brachiopoda, apparently 
all of species that occour also in the lower beds of the formation. Mehnites and 
Archeoddaria, the plates of which are common in the lower beds, have not been 
observed in this part of the formation. Liihoatrotionf proliferum also seems wanting 
but LJ canadense is not uncommon. 

Distributum, — Over nearly the whole of Lyon County and the adjoining greater 
part of the southern half of Livingston County the St. Louis limestone is the surface 
rock. This limestone area extends eastward several miles into southwestern Caldwell 
County and, northeastward, between converging fault lines, as a triangular tongue 
terminating on Flinns Fork, about 3 miles northeast of Princeton. The northern 
boundary of this main area Ues in Crittenden County, where it is cut oflf, east of 
Clay Lick, by the Tabb fault and its subsidiary fractures, while west of that stream it 
is limited by the Crittenden fault. Farther west it sends up other fault-bounded 
projections, the largest being rhomboidal in outline and extending to a point about 
3 miles northeast of the mouth of Sandy Creek. On the north and east, except 
for 6 or 7 miles in southern Caldwell County, the boundary is everywhere defined 
by faults; on the southwest by the Tennessee River, beyond which it is covered by 
Cretaceous and Tertiary deposits. Southeastward the area continues around the 
western Kentucky coal field and farther south into Tennessee. 

Another large area borders the Ohio River and embraces the greater part of 
the northwestern angle of Crittenden County. Northward it extends across the 
river into Illinois. On the west it is bounded by the Deer Creek fault; on the 
south and east by the Lerue, Com, and other faults. On account of the abundance 
of cross faults and subsidiary fractures, this border is very irregular, especially in the 
region west of Sheridan, which also, contains several triangular down thrown blocks 
terminating superficially with rocks of later date. 

The irregularity of the fault-defined boundaries of these large areas is greater 
than can be shown with the scale to which the accompanying maps have been 
drawn. It is especially evident where the downthrow is sufficient to bring the 
formations of the Chester group to the level of the St. Louis limestone. In one set 
of cases it is due to the disruption of the stratified crust along comparatively short 
lines arranged en echelon and paralleling each other but crossing the average strike 
of the fault; in the other, to the step-like arrangement of the strata by faults subsid- 
iary to and paralleling a main fracture. The former type is well exhibited by 
portions of the Tabb fault, the latter by the northern end of the Larue fault. The 
faults of the district are discussed and described in detail in Chapter III, which is 
devoted to the structure of the region. 
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Besides the large areas above defined, there are three much smaller ones, all of 
which lie within a few miles of the boundary line between Crittenden and Livingston 
counties. The largest of these is traversed by Clay Lick and Ues southwest of 
View, between the Marion fault on the northwest and the Crittenden and Hodge 
faults on the southeast. The second forms a narrow strip between the Marion and 
Woods faults and extends southwestward from Pucketts Branch of Clay Lick to 
the Cumberland River. The third, situated about 2 miles southeast of Salem, is 
a small triangle between converging faults. 

Nomenclature and correlation. — The St. Louis limestone derives its name from 
St. Louis, Mo., where it was first studied and described by Engelmann in 1847, and, 
more correctly and in greater detail, by B. F. Shumard in 1855.^ According to ^^ 

Shumard's definition the formation i^ limited to beds above the oolitic limestones 
for which the name Spergen formation is here adopted. This is clear from his r \ 

description, in which no important bed of oolitic limestone, as is now known to 
occur in St. Louis County, is mentioned. The upper limit is defined by the base 
of his Ste. Genevieve limestone. The last formation, however, is wanting, as are i 

also the succeeding formations of the Chester group at St. Louis, where this lime- 
stone is succeeded unconformably by shales of Pennsylvanian aoje. AlthoiicrU it 
contains on the whole more chert in western Kentucky than at the type locality, ' 

there is no doubt that the limestone here described as St. Louis is strictly the same ^u 

formation as that exposed in the numerous quarries at St. Louis and in the blulls 
along the river below that city. 

CHESTER GROUP. 
CHARACTER AND SUBDIVISIONS. 

This group of rocks consists of a variable series of limestones, sandstones, and 
shales, which, for the sake of convenience in classification and reference, is scj)arated I 

into four main divisions. These should take the rank of formations, discriminated \ 

chiefly by lithologic diflFerences. Considering their respective faunal asjxMts only, I 

there would be less reason for their separation. Still, the four formations, of wliirh J 
two were distinguished and named years ago and two are now discriminated i^u^ri^l 
the first time, are not by any means devoid of fossils that so far a|)})car to he charit<^^^^H 

teristic of each. ^^^^^^^1 

Except for a few plant remains most of the sandstones arc nnfossililcron^ [^^^| 
the massive ones nearly always so — yet certain of the more aririllafcniis and cal^!|^^H 
careous sandstones of the uppermost or Birdsyille formation an njj^^f^Pou^cd^^v^^ 
remains of marine invertebrates. The limestones and int(MMj?^^™^^l^i^^^^^^H 
shales, however, always contain fossils, and coiise(|uenily a i c^^^R^m^^WS^^^^^W 
tance in determining special horizons. t^^^^^^^^^^^^^^^l 

a Geol. Survey Missouri, First and Second Ann. Hopts.. pp i t^^TbTT^^^^^^^^^^^^^^^^^W 
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On account of the extensive and abundant faulting to which this region has 
been subjected, it proved extremely difficult to construct a satisfactory section of 
the rocks. The difficulties were especially trying in the case of this group of strata, 
because the sandstones, which offer greater resistance to decomposition than most 
other sedimentary rocks, are more commonly at the surface than the intercalated 
limestones and shales. Sandstones, of whatever age, look much alike, and also are 
subject to very similar variations. It is therefore no easy matter to determine 
offhand and positively the stratigraphic position of any given outcrop of that rock. 
But it was necessary to do so in many instances in this field, and the result has 
shown that one may become sufficiently familiar with the local lithologic and other 
peculiarities of sandstones even to make reasonably acciu*ate determinations without 
the aid of fossils. 

In describing the various formations of the group an attempt wiU be made to 
point out their respective characteristics, though it is recommended that the lith- 
ologic determinations be verified as far as possible by paleontologic evidence. 
Indeed, it is very doubtful whether one could acquire a clear and accurate conception 
of the stratigraphy and structure of this region, and more especially of its Chester 
and Mansfield areas, without considerable training in paleontology. 

In the course of the writer's work in the district in 1889 and 1890 every exposure 
that might be believed to throw light upon the succession of the various beds of the 
group was carefully studied and noted. The best, because least interrupted, sec- 
tions were obtained along the east-west line of the Illinois Central Rai%ay between 
Princeton and Claxton. The Ste. Genevieve limestone is very well shown at Prince- 
ton, and the Cypress sandstone caps the hills inclosing the valley on the north and 
east. The upper part of the Tribune limestone also is shown in cuts along this rail- 
road about 2 miles east of Scottsburg, while as satisfactory outcrops of the Birdsville 
formation as can be seen in this field occur between these cuts and Claxton. The 
lower third, as well as the uppermost beds of the section of the Birdsville, however, 
had to be compiled from exposures found in disconnected areas. 

The top of the group varies greatly in different sections, whole beds being absent 
in some that are present in others. The two lower formations, the Ste. Genevieve 
limestone and the Cypress sandstone, also vary considerably in character and thick- 
ness, but in these cases the variations in volume are due chiefly to overlap and 
nondeposition, while in the case of the top of the Birdsville it is caused principally 
by early Pottsville erosion. 
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GENERALIZED SECTION. 

The succession of the beds of the Chester group, so far as known at present, is 
about as foUows:* 

Oenercdized section of ike Chester group in the Keniucky-IUinois district. 
Mansfield sandstone, of late Potts ville age. 
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Flinty limestone at the top 0-20 

Arenaceous shales above, hard, dark limestone and soft clayey shales below 0-10') 

Dark shale above and sandstone in two beds alternating with two beds of limestone below ... 1 16-220 
^ An extremely variable series of shales, sandstones, and limestones, the last usually aggregating 

but a small part of the whole 225-3o0 
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Total thickness of Birdsville formation 400-080 



A heavy body of light-gray or blue, mainly crystalline, limestone, interbedded with thinner beds 
of calcareous shale and rarely sandstone. Many of the limestones form massive beds, and 
some of them are semi-oolitic in structure. At least 100 to 150 feet thick here and possibly 
reaching 200 feet locally. 



-C Maximum thickness of Tribune limestone about. 



200 
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Quartzose sandstone, generally massive, but sometimes partly made up of oblique tlar]:s ( >()- s( I 

"^ Bluish or gray, cherty limestone, usually affording an abundance of silicified Pentrt m ids (jodon i . 10 
" Massive quartzose sandstone 

cu Total thickness of Cypress sandstone 

6" 



§ Shales, shaly limestone, and various kinds of purer limestones, most of (hem flnc-f^rairnd, tin 

o I 

g proportion of shale and limestone varying greatly in ditVerent sections— Ohuni iimcstoii. 
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member 

Highly calcareous 8andstone=Ro8iclare sandstone member 1 2o 

Mainly oolitic limestones, white and light blue, interbedded with crinoidal, ct ^^talIin(< nnd tiiK- 

grained limestones. =Fredonia oolitic limestone member. Base not seen 113 

Total observed thickness of Ste. Genevieve limestone Ill 21 "i 



Total maximum thickness of Chester group. 



AU the maximum thicknesses at one place would ^Wo a total ol 1 /ioO IVot or iikm 
for the whole group, but according to the evidence in liaiid, \vlii( lj sli(!>vs that soiiir 
of the beds vary in thickness for no other reason than iin(H|ual dt^ijnsijjUi 
not seem likely that the total thickness will exceed 1,100 IVct a 1*1 
the counties of Crittenden and Caldwell. A hundred iooX h ss -^^ 
nearer the average for these counties, while in Livingston (oniQ 
regarded as a reasonable estimate. The thicknc^ss of most 
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decrease toward the southwest from the edge of the western Kentucky coal field. 
On the east side of the coal field the total thickness of the Chester is much less, as it 
is also in Indiana. The reduction in this direction is due to overlap, the two lower 
formations and, locally, a part of the Tribune limestone, being absent. 

The more general characters of the group having been described, the four 
divisions will now be considered separately and in detail. 

STE. GENEVIEVE LIMESTONE (PRINCETON LIMESTONE). 

General features, — In certain respects this is the most important limestone 
formation in the district. In the first place it gives rise to the best upland soils 
in this part of the State. Next, valuable or promising ore bodies are oftener asso- 
ciated with it than any of the other formations. Finally, it represents, together 
with the following Cypress sandstone, an interval in geologic history that has scarcely 
been appreciated heretofore. So far as known, the interval has only in a few 
areas east of the Mississippi River left a stratified record. The Batesville sand- 
stone of northern Arkansas is probably a contemporaneous deposit, but the true 
sequence of the strata and faunas can be determined only in the more complete 
record preserved in this part of the Mississippi Valley. 

The Ste. Genevieve limestone rests on the St. Louis limestone, but as an actual 
contact between them has not been observed in this area it is impossible to describe 
the local characters of either the top of the one or the base of the other. For the 
present it is assumed that the St. Louis ends with the last of the highly cherty, 
fine-grained limestones and that the Ste. Genevieve begins with the first of the 
oolitic limestones making up the greater part of the basal member of the latter 
formation. The assumption accords with facts observed in the corresponding part 
of the section at Ste. Genevieve, Mo., where this formation was first studied and 
from which it derives the name given it by Shumard. In the typical exposures 
south of Ste. Genevieve the relations of the two formations are clearly shown, the 
lithologic distinctions between the two being no less obvious than in this district. 
The contact of the Ste. Genevieve with the underlying St. Louis, moreover, is dis- 
tinctly xmconformable. 

Subdivisions, — ^The Ste. Genevieve limestone is divisible into three members 
that are clearly distinguishable wherever the formation has been observed. The 
lowest of these consists "principally of oolitic limestones. An appropriate name for 
this member is the Fredonia oolitic limestone, since good exposures occur in the 
immediate vicinity of the village of Fredonia, in Caldwell County. The member 
also forms the fioor of the well-known Fredonia Valley. The middle member, a 
weU-marked datum horizon in the district, is a calcareous sandstone, for which the 
name Rosiclare sandstone is suggested. Above this comes a variable member con- 
taining more or less shale. Being weU developed and perhaps better exposed in the 
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Fossils do not appear to be generally distributed through the upper 150 feet of 
the formation, but the cherts resulting from the decay of certain unplaced layers 
are often crowded with Bryozoa (chiefly FenesteUidse) , and Brachiopoda, apparently 
all of species that occour also in the lower beds of the formation. MeUmitea and 
ArcheoddariSf the plates of which are common in the lower beds, have not been 
observed in this part of the formation. Lithostrotionf proliferum also seems wanting 
but LJ canadense is not uncommon. 

Distribution, — Over nearly the whole of Lyon County and the adjoining greater 
part of the southern half of Livingston County the St. Louis limestone is the surface 
rock. This limestone area extends eastward several miles into southwestern CaldweU 
County and, northeastward, between converging fault lines, as a triangular tongue 
terminating on Flinns Fork, about 3 miles northeast of Princeton. The northern 
boimdary of this main area lies in Crittenden County, where it is cut off, east of 
Clay Lick, by the Tabb fault and its subsidiary fractures, while west of that stream it 
is limited by the Crittenden fault. Farther west it sends up other fault-bounded 
projections, the largest being rhomboidal in outline and extending to a point about 
3 miles northeast of the mouth of Sandy Creek. On the north and east, except 
for 6 or 7 miles in southern Caldwell County, the boundary is everywhere defined 
by faults; on the southwest by the Tennessee River, beyond which it is covered by 
Cretaceous and Tertiary deposits. Southeastward the area continues around the 
western Kentucky coal field and farther south into Tennessee. 

Another large area borders the Ohio River and embraces the greater part of 
the northwestern angle of Crittenden County. Northward it extends across the 
river into Illinois. On the west it is bounded by the Deer Creek fault; on the 
south and east by the Lerue, Com, and other faults. On account of the abundance 
of cross faults and subsidiary fractures, this border is very irregular, especially in the 
region west of Sheridan, which also contains several triangular down thrown blocks 
terminating superficially with rocks of later date. 

The irregularity of the fault-defined boundaries of these large areas is greater 
than can be shown with the scale to which the accompanying maps have been 
drawn. It is especially evident where the downthrow is sufficient to bring the 
formations of the Chester group to the level of the St. Louis limestone. In one set 
of cases it is due to the disruption of the stratified crust along comparatively short 
lines arranged en echelon and paralleling each other but crossing the average strike 
of the fault; in the other, to the step-like arrangement of the strata by faults subsid- 
iary to and paralleling a main fracture. The former type is well exhibited by 
portions of the Tabb fault, the latter by the northern end of the Larue fault. The 
faults of the district are discussed and described in detail in Chapter III, which is 
devoted to the structure of the region. 
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Besides the large areas above defined, there are three much smaller ones, all of 
which lie within a few miles of the boundary line between Crittenden and Livingston 
counties. The largest of these is traversed by Clay Lick and lies southwest of 
View, between the Marion fault on the northwest and the Crittenden and Hodge 
faults on the southeast. The second forms a narrow strip between the Marion and 
Woods faults and extends southwestward from Pucketts Branch of Clay Lick to 
the Cumberland River. The third, situated about 2 miles southeast of Salem, is 
a small triangle between converging faults. 

Nomenclature and correlation, — The St. Louis limestone derives its name from 
St. Louis, Mo., where it was first studied and described by Engelmann in 1847, and, 
more correctly and in greater detail, by B. F. Shumard in 1855.^ According to 
Shumard's definition the formation is limited to beds above the oolitic limestones 
for which the name Spergen formation is here adopted. This is clear from his 
description, in which no important bed of oolitic limestone, as is now knowTi to 
occur in St. Louis County, is mentioned. The upper Umit is defined by the base "^ii 

of his Ste. Genevieve limestone. The last formation, however, is wanting, as are 
also the succeeding formations of the Chester group at St. Louis, where this lime- i 

stone is succeeded unconformably by shales of Pennsylvanian age. Although it :' 

contains on the whole more chert in western Kentucky than at the type locality. 
there is no doubt that the limestone here described as St. Louis is strictly the same 
formation as that exposed in the numerous quarries at St. Louis and in the bluff 
along the river below that city. 

CHESTER GROUP. 
CHARACTER AND SUBDIVISIONS. 

This group of rocks consists of a variable series of limestones, sandstones, and 
shales, which, for the sake of convenience in classification and reference, is separated 
into four main divisions. These should take the rank of formations. discriminatcMi 
chiefly by lithologic diflFerences. Considering then* respective faunal aspects only. 
there would be less reason for their separation. Still, the foui- formations, of \v]ii( h 
two were distinguished and named years ago and two are now discriim'natcd lV>i;, 
the first time, are not by any means devoid of fossils that so far appc^ar- to i)e chara< j] 
teristic of each. 

Except for a few plant remains most of the sandstones an^ nnfossilifci'ou; 
the massive ones nearly always so — yet certain of the mor(^ ai-jjill.Mrrnus and cal'' 
careous sandstones of the uppermost or Birdsville formation ar(* <^Oii^^^'^ 
remains of marine invertebrates. The limestones and intcrstuij 
shales, however, always contain fossils, and consequently aic .^ 
tance in determining special horizons. 

a Geol. Survey Missouri, First and Second Ann. Repls., jjt.-'. i>|> l J'». 17 ^ 
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On account of the extensive and abundant faulting to which this region has 
been subjected, it proved extremely difficult t-o construct a satisfactory section of 
the rocks. The difficulties were especially trying in the case of this group of strata, 
because the sandstones, which offer greater resistance to decomposition than most 
other sedimentary rocks, are more commonly at the surface than the intercalated 
limestones and shales. Sandstones, of whatever age, look ipuch alike, and also are 
subject to very similar variations. It is therefore no easy matter to determine 
offhand and positively the stratigraphic position of any given outcrop of that rock. 
But it was necessary to do so in many instances in this field, and the result has 
shown that one may become sufficiently familiar with the local lithologic and other 
peculiarities of sandstones even to make reasonably accurate determinations without 
the aid of fossils. 

In describing the various formations of the group an attempt will be made to 
point out their respective characteristics, though it is recommended that the lith- 
ologic determinations be verified as far as possible by paleontologic evidence. 
Indeed, it is very doubtful whether one could acquire a clear and accurate conception 
of the stratigraphy and structure of this region, and more especially of its Chester 
and Mansfield areas, without considerable training in paleontology. 

In the course of the writer's work in the district in 1889 and 1890 every exposure 
that might be believed to throw light upon the succession of the various beds of the 
group was carefuDy studied and noted. The best, because least interrupted, sec- 
tions were obtained along the east-west line of the Illinois Central Rai%ay between 
Princeton and Claxton. The Ste. Genevieve limestone is very well shown at Prince- 
ton, and the Cypress sandstone caps the hills inclosing the valley on the north and 
east. The upper part of the Tribune limestone also is shown in cuts along this rail- 
road about 2 miles east of Scottsburg, while as satisfactory outcrops of the Birdsville 
formation as can be seen in this field occur between these cuts and Claxton. The 
lower third, as weU as the uppermost beds of the section of the Birdsville, however, 
had to be compiled from exposures foimd in disconnected areas. 

The top of the group varies greatly in different sections, whole beds being absent 
in some that are present in others. The two lower formations, the Ste. Genevieve 
limestone and the Cypress sandstone, also vary considerably in character and thick- 
ness, but in these cases the variations in volume are due chiefly to overlap and 
nondeposition, while in the case of the top of the Birdsville it is caused principally 
by early Pottsville erosion. 
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Springs bed 6 may be wanting entirely, while it has not been observed here to 
exceed 10 feet in thickness. North of the Ohio River, in the southern part of 
Hardin County, III., it attains its greatest observed thickness, from 40 to 50 feet. 
In the northwest comer of Hardin Coimty, however, unless the apparent difference 
is due to faulting, the Ohara member as a whole is much thinner than at Rosiclare. 
Traced southwestward from Crittenden Springs to Salem and Puckett Spring, not 
only bed 6, but bed 5 as well, is at least locally absent. Here the total thickness 
of the Ohara member has not been observed to exceed 50 feet, bed 4 of the section 
being succeeded by the Cypress sandstone. The same appears true of the section 
exposed in the hills inclosing Clements Valley (View post-office), 4 to 5 miles south- 
west of Marion, though here the top of the section is not well exposed and the 
succession of the upper beds, moreover, is obscured by faulting. 

In the Ste. Genevieve areas that lie farthest southwest, of which the area 
containing Bissels Bluff and the outcrops near the Royal and Pittsburg mines 
affords the best exposures, only the Fredonia member of the formation has been 
satisfactorily identified; but on account of lack of time and opportunity for exact 
observations on the point, it is not yet possible to say definitely that the Ohara 
member fails entirely in that direction. 

On tracing the formation through the southwestern half of Caldwell Coimty, 
from the vicinity of Fredonia to Princeton, and thence to the southeastern border 
of the county, it was seen that the upper member maintains a nearly imiform 
thickness, with bed 6 only varying in thickness from about 18 feet to 30 feet. 
Farther southeast, however, as at Hopkinsville, Ky., where the Rosiclare sandstone 
was observed and where the Fredonia member is very well exposed, the Ohara 
member seems to be greatly reduced in thickness. From all the facts in hand 
that bear in one way or another upon the point there seems to be no reason to 
doubt that the Ste. Genevieve was deposited in a mere remnant of the broad area 
covered by the submergence that prevailed in the St. Louis age, immediately 
preceding the Ste. Genevieve age. 

Topography of Ste. Oenevieve limestone areas. — Wherever this formation is at 
the surface it forms valleys, and, except the bottom lands along the main streams, 
the lands in these valleys are by far the best in the district for agricultural purposes. 
Sink holes occur frequently, especially in the narrower valleys, in which little more 
than the upper member of the formation is exposed. They are particularly com- 
mon along lines of fracture, and often serve to locate these. Where the lower 
member is the surface rock — and this member usually, if not always, forms the 
floor of the larger valleys — sink holes are less abundant, but they are generally 
of larger size and frequently contain ponds. 
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Paleontology of the Ste. Oenevieve limestone, — Unfortunately the fauna of this 
little-known geologic horizon has never been described. Its most characteristic 
species are nearly all new to science and, being unnamed, are difficult to refer to 
in an intelligible manner. A few of the more striking forms are illustrated on the 
accompanying plates (Pis. V and VI), and the new species among these are briefly 
characterized on the sheets explaining the plates. As to the other fossils, they 
are mostly of long-known species. Some of these the formation holds in common 
with the underlying St. Louis limestone; others, especially of the Bryozoa, indicate 
an earlier appearance of species generally considered as characterizing the over- 
lying Chester formations; while a considerable number, among them the most 
common brachiopods, range without interruption and with little modification, 
from the base of the Spergen Hill Umestone of the Meramec group to the Tribune 
Umestone or even the Birdsville formation of the Chester. A partial list of the last 
class includes the following species: Fenestella tenax, F. serratuUi, Stenopora tuber- 
culata, Produdus semireticulatus, Spirifer JceoJcuJc leidyi, Spiriferina norwoodi, 
Dielasma formosumy D. turgidumj Reticvlaria setigera, SeminvJa trinuclea, and 
Cleioihyris sublameUosa hirsuta. 

The foregoing list does not take into account the characteristic elements of the 
fauna commonly known as the Spergen Hill or Warsaw fauna, which reappears in 
the ooUtic Fredonia member and is less fully represented also in the shales of the 
Ohara member. The Ste. Genevieve representatives of this fauna have been deter- 
mined only in part, much of the material collected remaining yet to be prepared 
for study. The species so far known are included in the following incomplete list 
of Ste. Genevieve fossils and are distinguished by notation in a column devoted to 
the Spergen fauna. In some cases the particular form is indicated by a number 
instead of a specific name. This mode of reference, however, is employed only 
when the species, which in these cases is notable because of its occurrence elsewhere 
in higher or lower rocks, could not be satisfactorily identified with described species. 
When the Ste. Genevieve form of a species is distinguishable as a variety from the 
typical form of the species occurring only in the earlier Spergen and St. Louis or 
later Tribime and Birdsville formations, or when for other reasons the identification 
is doubtful, the fact is indicated in the colunms showing vertical range by a question 
mark. This mode of notation, however, is not employed when the same variety 
is beUeved to occur with the typical form in the other formations. 
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EXPLANATION OF PLATE V. 

CORALS OF THE STE. OENEYIEyE LIMESTONE. 

Fios. 1-10. Mickdinia aubramoBa n. sp. ^ 

Fig. 1 , under side of a slender corallum ; figs. 2 and 3, upper and lower sides of a laige example consisting of 
six partly intei^grown colonies; fig. 4, specimen consisting of three well-defined colonies; figs. 5 and 6, opposite 
views of a corallum consisting of numerous irregularly grown colonies; figs. 7, ^and 10, three young coralla; 
fig. 8, under side of a corallum im which the development of the colonies has resulted in a more distinctly ramose 
appearance than usual. * 

This species is closely related to Michdinia eugenex White, described as from the Coal Measures of Indiana ^ 

and as forming small, rounded masses attached by a relatively broad base to foreign bodies. M. suhramom^ 
as may be seen from these figures, has a small basal attachment and by the successive development of colonies, 
or clusters of tubes, finally produces more or less distinctly ramose coralla. \ 

This coral is sometimes very abundant in western Kentucky, and so far as known its presence always 
indicates the upper part of the Fredonia member of the Ste. Genevieve limestone. The illustrated examples 
were etched from blocks of impure limestone found 2 miles east of Princeton, Ky. [ 

Fig. 11. One of several examples of a small '' massive" species of Michdinia found at Princeton, Ky., ^^ 

lower in the Fredonia member than the specimens of M. subramoea. It is distinguished from the latter by ^ / 

Its laiger corallites and mode of growth, and in both of these respects closely resembles one of White's figures ^ 

of his M. eugenest (Thirteenth Kept. Geol. Indiana, 1884, p. 119). Provisionally the Ste. Genevieve form i 

may be referred to as If . eugenesR var. princeiojiengis. 

Fig. 12, a-g. A group of specimens of Cystdagma rugotum n. sp. or var., from the Fredonia niotnlKT of the 
Ste. Genevieve limestone in the vicinity of Princeton, Ky. This form may perhaps l)e merely a stronfrly 
marked variety of the next species, C. quinqueseptatum, but so far the two forms are readily distin^iished 

by the differences shown in the illustrations. In C. rugosunif which is represented in the inatrrial before f ( 

the writer by no less than 25 specimens, the coralliun is always proportionally wider and niuch nion^ stroni;ly 
wrinkled transversely. 

Fig. 13, a-p. A group of 16 etched specimens of Cystdaama quinqueseptaium n. sp., from the uj)j)er j)rtrt ^ 

of the Fredonia member of the Ste. Genevieve limestone about 2 miles east of Princeton, Ky. This sjH'cic^s *- 

is characterized by its slender and finely wrinkled corallum. 

In describing Cyatdaama Miller states that septa are wanting. As a rule this apjuars to hv true of the 
species upon which he founded his genus {C, lanesvUiense Miller, Spergen limestone, Indinnn ), and a\oraj:e 
examples of the type species therefore look very different from the two speci«»s here referred to ('tjsfr/nsn.a. 
However, other examples of C. lanesvUUnae in the Ulrich collection, from the orijjinal locality, do sliow septa. 
In some these are mere rudiments, but in a few evenly grown examples they are sullicicnt ly dcvcloju'd to ^liow 
that normally the type species also has five principal septa like the west Kentucky sp<'cics lure liirurerl. In 
the latter the septa are always present and are generally as strongly developed as shown in tlicse fitrurc^. 

Fig. 14, a-f. Lateral views of five separated corallites and the calyx of another example of Liffiostmt'iou 
harmodites Eklwards and Haime. Originally these corallites formed part of a lo<>sely conn(>ctcd. laishy mass, 
3 inches or more in height and width. The main septa, 16 to 18 in number, reach the small styliform 
columella at the center of each corallite. This is a true LUhostrotion. So far as known the species is limited 
to the upper part of the Fredonia member of the Ste. Genevieve limestone, at which horizon its i>ii-liy roK.nii' 
have been seen in the massive limestone at many localities in this district. The figured e\amj)l<-j^:ii. frnni 
Princeton. 

Fio. 15, a-d. Four large examples of Amplexus geniculatus Worthen, one of the most cliaiarjj' m^M?^'^ -! 
of the Ohara member of the Ste. Genevieve limestone. In other coralla of this spec ies the n\^j^ 
is less than 5 mm. The figured specimens are from Downeys Bluff, at Ros-iclan-, 111 ,^^^^^^^^^^^m^^^^^^^^^ 
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Partial litl of fossiU oeeurring in the 8te. Oenevieve limuUme, etc-^Coatimaed. 



Spectos. 



41. Piignax muUta Hall 

42. Di<«la8ma formosum Hall 

43. Dielasma turgidum Hall 

44. Spirifer near increbescens Hall 

46. Spirifer leidyi N, and P 

46. Spirifer bifurcatus Hall? (small, subquadrate 

form of S. leidyil) 

47. Reticularia setigera 

48. Spiriferina norwoodi 

49. Spiriferina transversa McOhesney 

50. Cleiothyris hirsuta Hall 

51 . Cleiothyris sublamelloea Hall 

52. Seminula trinuclea Hall 

53. Seminula subquadrata Hall 

54. Eumetria marcyi vemeuilana 

55. Eumetria marcyi vera , 

56. Aviculopecten sp. 1 , 

57. Aviculopecten sp. 2 , 

58. Pteronites sp.l 

59. Nucula shumardana illinoisensis, W 

60. Nuculana nasuta Hall 

61. Modiola illinoisensis Worthen 

62. Pleurophorus minima Worthen , 

63. Pleurophorus sp. 2 

64. Macrodon sp. 1 

65. Cypricardella oblonga Hall 

66. Cypricardinia indianensis Hall 

67. Schizodus compressus Worthen 

68. Bellerophon sublasvis Hall 

69. Bucanopsis textilis Hall 

70. Pleurotomaria elegantula Hall? 

71. Straparollus spergenensis 

72. Loxonema sp. 1 

73. Naticopsis sp. 1 

74. Orthonychia acutirostrc Hall 

75. Leperditia carbonaria Hall 



Fredonia 
member. 



X 
X 
X 



X 
X 



X 
X 
X 
X 
X 



X 
X 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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Ohara 
member. 



X 
X 
X 
X 

X 
X 
X 
X 
X 
X 



X 
X 
X 
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Spersen 
fauna. 



X 
X 
X 



X 
X 



X 



X 



X 
? 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

? 

X 
X 
X 
X 
X 
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St. Louis. 



X 
X 
X 



X 
X 



17 



Tribune or 
BlnUviUe. 



X 
X 
X 
X 

X 
X 
X 
X 



X 
X 
X 
X 
X 
? 

X 
X 
X 
X 
X 
X 
X 
X 
X 

? 

? 

X 

t 

? 
? 

X 
X 
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The writer does not contend that it is impossible or even undesirable to dis- 
tinguish many of the Ste. Genevieve and Chester representatives of the Spergen 
fauna. In most cases where these forms reappear they are characterized by differ- 
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ences which under close biologic and stratigraphic study it may be desirable to 
recognize by giving the mutations subordinate designations. The writer floes 
maintain, however, that the forms thus reappearing are members of a single slowly 
modifying and largely pelagic fauna that existed continuously elsewhere and entered 
this epicontinental basin only when conditions were favorable. One of these 
conditions involved the deposition of oolitic limestones. Another probably was 
the subsidence or modification of barriers, allowing communication with seas more 
permanently inhabited by the invading fauna. 

When the 35 species of the Spergen fauna are eliminated from the above list, 
it will be seen that the remaining species show close affinities with later Chester 
faunas, especially the Tribune limestone fauna. This relationship is particularly 
evident in the Ohara member, but is also well expressed in the Fredonia member, 
and is strong indeed when the Spergen fauna is included in the comparison. The 
strong Chester element in the Ste. Genevieve fauna, coupled with the fact that this 
formation and the overlying Cypress sandstone were the first deposits following the 
great restriction of the preceding St, Louis sea, has induced the writer to extend 
the lower limit of the Chester group to the base of the Ste. Genevieve. 

As originally defined and used by Worthen and Engelmann in southern Illinois^ 
the Chester group included the Rosiclare sandstone and Ohara limestone members 
of the Ste. Genevieve limestone, but the lower or Fredonia member was referred to 
the St. Louis. Their reasons for placing the lower member of the Ste. Genevieve 
with the underlying formation, in which they were followed in Kentucky by Nor- 
wood; ^ is not now apparent, unless they regarded the "Spergen Hiir' fauna in it as 
evidence that it belonged to the great body of limestone of which the St. Louis is 
the upper division. Upon reading over their descriptions of the Mississippian 
limestones occurring beneath the Rosiclare sandstone in southern Illinois it becomes 
evident that Worthen and Engelmann had but an imperfect conception of the strati- 
graphic relations of the various formations into which the limestones are divisible. 
Of unconformities between them they knew nothing, nor do they seem to have had 
knowledge of the Ste. Genevieve limestone, described several years before in Missouri 
by Shumard. When both these facts are known, as well as the no less important 
fact that the Spergen Hill fauna reappears not only in the Ste. Genevieve but again 
in the Tribune limestone, the resulting classification of the Mississippian series 
becomes simpler, more strictly coordinate in its subdivisions, and more natural. 

As a final result of the analysis of the above list we have a few species remaining 
that may be considered as strictly characteristic of the formation (see Pis. V and VI) . 
The five corals found in the lower member have been already mentioned. Another, 
Amplexus geniculatus, seems to be equally characteristic of the main shaly bed of 

a Qeol. Survey Illinois, vol. 1, 1866, p. 356. f> Oeol. Survey Kentucky, n. ser., vol. 1, 1876, pp. 362-366. 
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the Ohara member. This horizon (bed 5 of sections discussed on preceding pages) 
is eitremely fossiliferous; but its fauna consists chiefly of Brachiopoda and Bryozoa, 
and seems entirely devoid of Mollusca. The characteristic pentremite of the forma- 
tion (PL VI, fig. 18) a form apparently too near P. florealis to be distinguished from 
it — is abundant in both the Fredonia and Ohara members. One of the commonest 
fossils of the oolitic limestones of the formation — and one that for this region at 
least is highly characteristic of it — is the crinoid identified provisionally with Troost's 
Platycrinus huntsvillx. Its basal plates form a shallow cup, one-half inch or less in 
diameter, marked on the outer side with three radially arranged prominent keels 
or ribs, and generally with intermediate granulations and striations. Its column 
is flattened and twisted, and the dismembered segments elliptical in outline and 
spiniferous (PL VI, fig. 27). 

Distribution of Ste. Genevieve limestone. — The largest outcrops of this limestone 
in the district occur in the southeastern half of Caldwell County. Of these the one 
farthest south extends northward from Christian and Trigg counties to McGowan 
station, on the Hopkinsville branch of the Illinois Central Railway. Its western 
outHne is generalized on the map, exposures of the rock being infrequent in that 
direction and no satisfactory contact with the underlying St. Louis limestone, 
which occupies the country west of it, having been seen at any point. In drawing 
the line dependence was placed chiefly upon the relative abundance and the character 
of the chert found in the residual mantle. The soil of the Ste. Genevieve, besides 
having less chert, is also of a darker shade of red than that resulting]: from tlie decay 
of the St. Louis limestone. The eastern outline is defined bv the normal contact 
with the overlying Cypress sandstone, which caps the first hills of the hi^rlu^r country 
lying to the east of the area. 

Between this and the second large area are two small, fault-bounded areas, 
the first a very narrow, triangular strip, extending a mih* and a half westward from 
McGowan, the second a block of rhombic shape lying just soutli of Eddy Creek. 

The second large area in Caldwell County is triantrular in outline, with Saratoira. 
in the adjoining edge of Lyon County, at its apex, and tlie town of Prineeton near 
the middle of the wide northeast side. The latter boundary is irretrular and formed 
by contact with the Cypress sandstone on the slopes of the hills east of l^rineeton. 
Near the town there are also several small outliers of that sandstone. Tlie soutlieni 
boundary is formed by the Eddy Creek fault, the northwestern one hv the Sarato^^M 
fault, and the northern side by the Princeton fault. A nanow, fniilted niaiiLrlc 



joins this large area on the north and forms the southeast slope of i hiUvrrr -iV 
stone hill 2 miles west of Princeton. 

The third large area in this county includes the villair^' and \ riii:- 
in its northwestern part, and Crider in its southern part. From ( 
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arm northeastward among the Cypress sandstone hills to one of the upper branches 
of DoUarson Creek, where it is cut off by the Stone fault. Between this fault 
and the Fredonia fault, which forms the northern boundary of the quadrilateral 
area, a considerable remnant of Cypress sandstone is included. The Skin Frame 
fault limits the area on the south, while the Livingston fault forms the western 
boundary. 

In Crittenden and Livingston counties there are but four large outcrops of Ste. 
Genevieve limestone that are distinguished from the surrounding country by topo- 
graphic and agricultural features comparable to those marking the large Ste. Gene- 
vieve areas of Caldwell County. Except where erosion has not removed the whole 
of the overlying Cypress sandstone these areas are all bounded by faults. The 
largest forms the well-known Salem Valley, w^hich extends southwest of that village 
to the bend of Sandy Creek. Northeastward from Salem the vaUey expands to a 
width of 4 miles; but beyond New Salem Church the Ste. Genevieve, which thence- 
forth exposes little more than the upper or Ohara member, forms the floor of a com- 
paratively narrow, meandering valley that continues to the Marion and Lola road. 
Beyond this road the expanding region lying between the Columbia and Stevens 
faults, as far as the Marion and Fords Ferry road, continues to expose Ste. Genevieve 
limestone areas, most of which are clearly the result of underground drainage and 
subsequent breaking in of caverns. Bethel Church is located near the center of 
the largest and geologically most excavated of these areas. Sink holes are very com- 
mon here, especially along fracture lines and where the cover of Cypress sandstone is 
thin. 

A similar but agriculturaUy more important Ste. Genevieve area is in the View or 
Clements Valley, beginning about 5 miles south of Marion. Except on its northern 
side it is entirely bounded by faults, the Crittenden fault on the south side separating 
the Ste. Genevieve limestone from the Birdsville formation, while on the northwest 
side the Hodge and a probably unimportant north-south fault divide it from St. 
Louis limestone outcrops. 

Another important Ste. Genevieve area occurs in Livingston County just south 
of the Salem Valley. It is of triangular shape and lies between the converging 
southwestern extensions of the Columbia and Marion faults. 

The Lola and Deer Creek valleys embrace the last of the Ste. Genevieve lime- 
stone areas that have considerable agricultural importance. This area lies between 
the Deer Creek fault, which divides it from the St. Louis limestone of the region 
to the east, and another nearly parallel fault a mile or more to the west that gen- 
erally brings the lower part of the Birdsville formation to the level of the Ste. 
Genevieve limestone. The southern part of the valley exposes the Fredonia mem- 
ber of the formation. This, as usual, forms a nearly level country, but the northern 
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extensions consist mainly of small, irregular valleys and limestone slopes, riddled 
with sink holes, in the rather rough country formed by the remnants of Cypress 
sandstone. 

Ste. Genevieve limestone forms the base of the. Ohio River bluflF below the 
mouth of Deer Creek. This, probably, is part of the Princeton area that is exposed 
in the bluff on the north side of the river above and below Rosiclare, 111. 

A large but straggling and rough exposure of Ste. Genevieve limestone occurs 
near the mouth of the Cumberland River. It extends about 4 miles up Bissels 
Creek, forms Bissels Bluff on the north side of the great bend of Cumberland River 
as far down as the Royal mine on the Latrobe fault, and then turns north\\ard 
again from that fault up Cypress Creek to Dyers Hill Church. The latter part is 
a triangle bounded by faults on the east and northwest and by the alluvial bottom ^V 

on the southwest. The northern boundary of the remainder of the area is formed t 

by normal contact with the Cypress sandstone. The southeastern boundary is ^fi 

formed by the Latrobe fault. • 

Finally, there seems to be a triangular, fault-bounded Ste. Genevieve outcrop 
about 2 miles south of Smithland. This area was so identified bv the writer in 
1890, but, on account of lack of time, the identifications could nt)t be verified in 
the course of the more recent investigations. 

The floors of nearly all of these Ste. Genevieve limestone vallevs are fornied 
by the Fredonia oolitic member. The Ohara member in these cases occurs in the 
slopes of the hills and escarpments bounding the valleys, except on tliosc^ sides of 
the areas that are limited by fault planes. 

Derivation of name and synonymy. — This limestone formation was named by 
B. F. Shumard from exposures about 2 miles south of Ste. Genevieve. Mo. ' These 
were recently visited by the writer and found to be of the same formation that he 
had named Princeton limestone.^ In the vicinitv of Ste. Genevieve the formation 
was found to rest unconformably upon typical St. Louis limestone. As will he 
remembered, the contact between these two formations was not oi)s(»rvc(i in western 
Kentucky. The typical section at Ste. Genevieve is thcrcfon^ important in addiuL' 
discordance of stratification to the differences in litlioloi^^ic and faunal cliaracters 
previously relied upon to distinguish the two fonnations. The Ste. (lenevic \(^ 
limestone has been either ignored or overlooked b}^ all writers of the ircolotry of th(^ 
Mississippi Valley except Shumard, w^ho distinguished and named the Inriiiation. 
and Keyes,' who adopted the name and ranked the fornuition as the iipiVri riieiiihc'i 



or division of his St. Louis stage. The present writer refc rs the Sh^^^^^^'""' 
the Chester group, being impelled to this course cliielly by the >tr(»ii 

aTrans, .St Louis Acad Sci., vol. 1, 1860, p. 406: Geol. Survey Mis»;(uiri. Kipt. I^'.'.'inTI. I^ 
tiQeol.and Min. Res. Crittenden County, Kentucky: ••CrittiMuion Tress. '" I)«r.. IVHi i;ull i '^' 
1903, p. 207. 

<*Geo>. Survey Missouri, vol. 4, iK9i, pp. :J0, 76 Idem, vol. 0, |him, pt. ii. p. T.«) 
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ation of its fauna^ and secondarily by the fact that the two upper members were 
included by Worthen and Engelmann in their definition of the group in southern 
Illinois. The lower member, as has been already stated, was referred to the St. 
Louis limestone by the last authors. 

CYPRESS SANDSTONE. 

Lithologic characters. — In its usual development this formation consists of 
massive, generally fine to medium grained, rarely coarse, quartzose sandstone. 
Sometimes masses of it are soft and friable, but usually the grains are well 
cemented. Not infrequently portions are thin-bedded and slightly argillaceous, but 
these seem to occur chiefly, if not solely, in the upper member, the lower one, so far 
as observed, being apparently always massive. Occasionally a large part of the 
upper member is flaggy, and in such cases cross-bedding is common. The sand- 
stone varies in color, but, being as a rule somewhat ferruginous, is commonlj- of 
a light brown. Sometimes, however, it is nearly white or colorless, and in such 
cases is composed almost entirely of quartz. 

In the most complete development of the formation it is divisible into three 
members or beds. Of these the upper one is always present in this district, but 
in areas where the Ohara member of the underlying Ste. Genevieve limestone is 
incompletely developed (see p. 44) one or both of the lower beds may be absent. 
The middle bed lies from 60 to 80 feet or more beneath the top of the formation. 
It is a highly fossiliferous, cherty, blue, fine-grained limestone, rarely more than 
4 or 5 feet thick. Sometimes, even where the thickness of the formation indicates 
that its horizon is present, the limestone is either absent or so tliin that it may be 
overlooked. In natural outcrops its horizon may generally be recognized by the 
rather small chert fragments — commonly not over an inch or two in diameter — 
in the red clayey soil that results from its decomposition, and contrasts very well 
with the friable brown sandy soils derived from the sandstone on either side of it. 
This bed has been observed at a number of points in Caldwell and Crittenden 
counties, and also near Rosiclare and ShetlerviUe in Hardin County, HI. Perhaps 
the most accessible of the Ipcalities where it may be seen and its fossils collected 
is in the hills a mile or so northeast of View. Here it occurs usually less than 10 
feet above the top of the Ste. Genevieve limestone. 

The lower sandstone bed may be, as already stated, absent altogether. At its 
maximum it probably does not exceed 50 feet in thickness, and when the thin lime- 
stone bed above it is absent or can not be located it may not be possible to distin- 
guish it from the upper bed. 

Topography. — The Cypress sandstone nearly always forms rough and wooded 
country. It is especially rough when contiguous to fault lines, being, apparently, 
unusually susceptible to silicification. Where erosion has reduced its thickness to 30 
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feet or less the normal unevenness of its surface is likelj" to be increased by abundant 
sink holes that penetrate to underground drainage channels and caverns in the Ste. 
Genevieve limestone. Generally the surface is strewn with sandstone bowlders. 

Paleontology. — So far as known, the marine fossils of the Cypress formation are 
restricted to the tliin bed of limestone that often intervenes between the lower and 
upper sandstone. As weathered out the fossils are always silicified and consist 
principally of Pentremites godoni, which, however, often occurs in great abundance. 
Among the associated fossils a smaU form of Zaphrentis spinulosa ranks next in 
abundance, wliile the calyces of a species of Talarocrinus and the brachiopod 
Cleiothyris sublameUosa are less frequently found. The absence of Bryozoa and 
the rarity of Brachiopoda, particularly of ProductuSj constitute a striking pecu- \ 

liarity of the fauna of the bed. On the whole, however, both the fossils and their %2^' 

mode of occurrence remind one strongly of certain parts of the Tribune limestone, J 

the formation next above. I 

Distribution, — Where the sequence of the strata has not been disturbed by J 

faulting the Cypress sandstone forms the capping of the hills inclosing the Ste. 
Genevieve limestone areas already described. It is well shown along the greater 
part of the eastern borders of the Ste. Genevieve areas in Caldwell County; also ^* 

on the northern and eastern borders of the View or Clements Vallev and on many 
of the hills surrounding or included in the Ste. Genevieve areas northoast of Salem. 
Again,it is found in characteristic development capping the first hills west of Deer 
Creek and also at the top of Bissels BluflF on the Cumberland Rivor. 

Nomenclature, — The sandstone which is found in the Mississipj)i ^'all(\v iinine- 
diately above and apparently always in association with the Ste. Geiu'vi('\ e linu- 
stone, and which is correlated with the Cypress sandstone of this district, was 
originally called the *^ Ferruginous sandstone" by Swallow and Slmniard. In 
1868 Henry Engelmann, who, as a member of the Illinois (ioolotrical Survey, had 
made extensive investigations of the Mississippian rocks in southern IlHnois, j)ro- 
posed the name here adopted.'' The type locality is on Cypress Crc(»k, in Johnson 
County, 111., where, according to Engelmann's description just cited and in his 
report on Johnson County ,'* it is of the usual character and has a thickness of 1 "iii 
feet or more (? 250 feet). 

The publication of Engelmann's name for this sandstone in ls()S seeni^ to liave 
been overlooked by later workers on the Mississippi section, so that one an<l piohahly 
two synonyms have crept into literature. Thus, in 1870, Norwood ;i|)j)li((i ilic 
name ^^Big Clifty^^ sandstone to a formation in western Kentucky tliai. il-ji i> not 

oGeol. Survey Missouri, First and Second Ann. Kepts., i»t. 2, is.'.'.. [.)•. '•!. 17'. 1^1. i ' 
bTrans. St. Louis Acad. Soi., vol. 2, p. 189. (PapiT read Nov. A, 1^(.J j 
cGeol. Survey Hlinois, vol. 1, 1S66, pp. 3k:^ and :W7. 
d Trans. St. Louis Acad. Sci., vol. 2, p. ISO. 
cGetd. Survey Kentucky, n. ser., vol. 1, p. 360. 
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strictly equivalent to the Cypress sandstone, at least agrees closely with it in litho- 
logic character and seems to occupy the same stratigraphic position. In 1892 
Keyes/' who overlooked not only the name proposed by Engelmann, but Norwood's 
designation as well, proposed the name *^ Aux Vases'' sandstone, to take the place 
of ''Ferruginous sandstone." The type localities for the formations to which these 
three names — ^first Cypress sandstone, then Big Clifty sandstone, and finally Aux 
Vases sandstone — were applied are all contained within an area less than 200 
miles across. They are, moreover, unquestionably in one and the same geologic 
basin and are practically identical in lithologic character. Finally, as the forma- 
tions in each case were assigned to precisely the same stratigraphic position, i. e., 
next below the Kaskaskia limestone, there can be no reasonable doubt of their 
synonymy. 

TRIBUNE LIMESTONE. 

Lithologic characters. — As developed in this region, the Tribune limestone con- 
sists <Jf thin-bedded and heavier-bedded, generally light-gray, limestones, more or less 
abundantly interbedded with thin seams of calcareous, clayey shale and occasional 
thin beds of sandstone. The limestones vary in texture, some being fine grained, 
others slightly crystalline, while many layers vary from granocrystalline to dis- 
tinctly oolitic. The proportion of shale varies in different exposures, being least 
near and north of the Ohio River and greatest along the southern and eastern parts 
of the border of the western Kentucky coal field. In the latter areas the proportion 
of shale to the whole mass of the formation is probably greater in the lower third 
than in the succeeding parts. Nearly everywhere, however, limestone is the 
predominating constituent of the formation. So far as observed in Caldwell County, 
none of the beds of shale exceeds 6 feet, or possibly 8 feet, in thickness. Both the 
limestones and shales are fossiliferous, and often highly so. 

The Kentucky-Illinois district presents no complete section of this formation 
and, so far as known, no exposures from which a complete section can be con- 
structed. On account of the general unifbrmity in lithologic and faunal character 
displayed in most of its parts by the formation and the extremely limited number 
and area of its outcrops, few positive data tending to show its total thickness could 
be procured. According to the evidence at hand, its maximum thickness in Cald- 
well County is probably not less than 100 feet. In Crittenden County it appears 
to be from 20 to 50 feet thicker and contains much less shale. Across the river, in 
Hardin County, 111., it appears to consist almost entirely of limestone, and here the 
thickness, as a rule, probably exceeds 150 feet. At the Fairview mine, near Rosi- 
clare, the top of this limestone outcrops at the shaft and forms the east wall of 
the vein. No change from limestone to sandstone was observed in this wall from 

a Bull. Oeol. Soc. Am., vol. 3, p. 296. 
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the mouth of the shaft to the 200-foot level. It appears, therefore, that in this 
vicinity the Tribune formation may exceed even 200 feet in thickness. 

Topography, — Outcrops of the Tribune limestone are too infrequent in western 
Kentucky to exert much influence on the general topography of the country. In 
less disturbed regions the areas in wliich it is the surface rock are comparatively 
level strips, bordered, especially on the side of the Cypress sandstone, by rougher 
country. On the opposite side these strips run out into usually narrow valleys 
lying between hills that are composed of the more resistant arenaceous deposits 
of the succeeding Birdsville formation. 

Paleontology. — The fauna of the Tribune limestone embraces a large proportion 
of the species that are characteristic of the Chester group. With the exception 
of Spiriferina transversa y which has not been here observed in the Tribune limestone, 
all the species noted on pages 47 and 48 as common to the Ste. Genevieve limestone 
and later divisions of the Chester group occur in this formation. Some, perha})s 
many, of these reappearing 58 species, when subjected to a final study, will doubt- 
less receive subordinate designations, but for present purposes their affinities are 
too a^pparent to justify a greater separation than is indicated by the use of the 
question mark. The majority of these reappearing species, again, are of the Sperc^en 
fauna. As in the Spergen and Ste. Genevieve formations, this mostly diminutive 
fauna occurs also in the Tribune limestone in oolitic strata. 

In addition to these species of the Spergen fauna listed aiuontr tho fossils of 
the Ste. Genevieve limestone (ante, pp. 47-48), the Tribune limestone of this 
district has afforded veiy slightly modified representatives of th(^ following H \ 

Gasteropoda of the same fauna, as described by Hall and Whitfiehl: 
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Bulimorpha bulimiformis. Picurotoinaria siiI)«:I()Ik)s;i. ^ jf 

Bulimorpha elongata. Pleurotomaria nu'ckana. ? 

Holopea proutana. Straparollus (jua(iii\nlvis. 

Eotrochus concavus. Straparollus plaii(Ml)if<»rniis. 

Murchisonia attenuata. Xatiropsis carhx jiim. 
Murchisonia turritella. 

The Gasteropoda and Pelecypoda of the Tribune fauna, which cinhrart' also 
the more distinctive elements of the Spergen fauna, are almost (entirely nv^trictcd 
to the oolitic limestones. The general aspect of the fossil coutcnits of tlH's(\ thcio- 
fore, impresses the observer as quite different from what is ordiuaril} (Mmsidc^rfHl a> a 
Chester fauna. In the shales and other limestones, particularly the foi nu i . ilu\so 
two classes of fossil shells are comparatively rare, the faunas of tlu sc 1m'Jiil5^ < ;om- 
posed chiefly of bryozoans, brachiopods, corals, and echinodcMins. ^int (5 IjctS^m 
and more characteristic fossils of the Chester group belon<; as a \\ lu^lr t 
dermata, it is evident that the age of the Chester shales and the uoiu 
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EXPLANATION OF PLATE VI. 

BLASTOmS AND CRINOIDS OF THE LIMESTONES OF THE ST. LOUIS, STE. GENEVIEVE, 

TRIBUNE, AND BIRDSVILLE FORMATIONS. 

FiQs. 1>6. Pentremites conaideus Hall, Speigen and St. Louis limestones. Figs. 1-5, group of five specimens 
from shaly lower St. Louis beds, 4 miles northwest of Princeton, Ky.; fig. 6, original of fig. 3 magnified 3 
diameters. 

Figs. 7 and 8. Pentremites cavus n. sp. Lateral views of two specimens found with others in association 
with P. oonoideuSf Lithoetrotionf praliferum and plates of Mdoniiea and Archaocidaris in lower St. Louis lime- 
stone, 4 miles northwest of Princeton, Ky. This species differs from its associate and nearest congener, P. 
conoideuSy in its greater size, concave base, more depressed interambulacral areas and more rounded outline in a 
lateral view. In the surface sculpture of the plates and in the markings of the ambulacral areas, especially in 
the elevation of the median parts of the latter, the two species are essentially the same. 

Figs, ft- 12. Views of four silicified specimens of Pentremites pyriformis Say, showing variations in form. 
Tribune limestone, 2 miles east of Scottsbui^, Ky. 

Figs. 13-17. Mesoblasius glaberf Meek and Worthen. Ohara member of the Ste. Genevieve limestone. 
Fig. 13, lateral view of a rather young example, magnified 3 times, showing coarse markings of upper part of 
interambulacral plates; fig. 14, lateral view of an old example, magnified 3 times, showing, among other 
features, the elevation of the posterior deltoid plate that incloses the outer side of the anal opening; figs. It5 and 
16, similarly magnified views of the two lower specimens shown in fig. 17; fig. 17, group of six specimens, of 
natural size, four showing variations in lateral views incident to age, and two mature examples, one showing 
the base, the other the summit. In part collected by Mr. F. J. Fobs, on Crooked Creek, less than 2 miles 
northwest of Marion. 
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Fio. 18, a-/. In part Pentremites florealis Schlotheim. A series of specimens from the Ohara member of 
the St€. Genevieve limestone; a, h, f, and /, f rom the vicinity of Crittenden Springs, in Crittenden Coiiniy, 
Ky., d and / from Rosiclare, 111. This series iUustrates the extreme range of variation observed in over HW) 
examples from this formation and the tendency exhibited by a few examples, like e and /, to take on the pecu- 
liarities of P. godoni which, however, did not attain its typical form until later. By far the most of the St«'. 
Genevieve specimens agree better with P. florealis (Sch.) Ham bach than with P. godoni. They constitute a 
species or variety (represented by figures 18 a, h, r, and d) that for the present may very well be referred to 
P. floreaiiSf differing as they should from P. godoni in the relatively small size of the deltoids, the greater 
height of the base, and the very slight concavity of the interambulacral spaces. 

Fio 19, a-d. Pentremites godoni De France, a and 6, two silicified examples of the earlier fonn of this 
species, from the Tribune limestone, 2 miles east of Scottsburg, Ky.; c and J, two specimens of the typieal 
form of the species from the Birdsville formation in Meade County, Ky. In the eariier form, which oceiirs 
also in the Cypress sandstone, the ambulacral areas are more depressed than in the later and most typi<-al 
variety of the species. 

Fig. 20, a-c. Different views of three specimens of the ancylosed basal plates of Atjaj^fiizocrinus conicufi 
Owen and Shumard, from Sloans Valley, Ky. Tliis is one of the most characteristic and abundant fossils of 
the Chester group above the Cypress sandstone. 

Figs. 21 and 22. Pterotocrinus capiialis Lyon, a common fossil of the Birdsville format i«»ii n\ Champion 
Hill and other localities in western Kentucky. Fig. 21, two of the five loU's that form ilie Mimmit of the 
vault of this crinoid; fig. 22, anchylosed basal plates, showing cicatrix for the attac Imunt of the column. 
While the "wings" or summit lobes of this and other species of Pterotocnuus arc nhuiulniit t'nou<:h. entire 
examples of thede crinoids are very rare. 

Figs. 23 and 24. Lateral and top views of three of the spino-Hke "winjrs "I Pfnoforrin u.s aoifus Wj-therby. 
Birdsville formation, Sloans Valley, Ky. 

Figs. 25 and 26. Lateral views of two of the broad "winp^" of Pttrafocr'nmsdf jotssus L\on and (a^M'day. 
BirdsviUe formation, Sloans Valley, Ky. 

Fig. 27, a-i. Six specimens of the basal ring of plates and thret' fra;^Mncnf>- of the t\vi««icd < (•hiinn of iIk- 
Ste. Genevieve limestone crinoid referred to in the text under the name ()f Pldftjrrinns }mnt^r,l}i . I'raL'iiii iir«- 
like these are very common in this formation, especially in the oolitic limcsinnc"- of the I'n-donia mcmlx-r. 
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EXPLANATION OF PLATE VIL 

PENTREMITES OF THE BIBDSYILLE FORMATION. 

Figs. 1-4. PerUremites ohtsus Lyon. Fig. 1. Lateral view of a fine example of this species which, like 
most of the specimens seen from western Kentucky, differs from Lyon's figured type of P. ohesus in being 
proportionately narrower and in having longer basal plates; fig. 2, lateral view of another and shorter speci- 
men in which the lower part is constricted so as to cause it to appear somewhat pedunculate: fig. 3, summit 
view of a third specimen which, except that the basal plates are wanting, is in a better state of preser- 
vation than usual; fig. 4, portion of one of the ambulacral areas of another example, magnified 3 diameters. 

In this species the ambulacral areas are strongly biconvex in transverse section, the median groovi' 
being rather deeply depressed. The specimens figured were collected by Mr. F. J. Fobs in Crittenden 
County and presented to the writer for illustration. 

Figs. 5-9. PerUremitea Johsi n. sp. Figs. 5 and 6, summit and basal views of an adult example, in 
which the base is somewhat weathered and shows besides the usual three sutures faint evidence of two 
additional sutures across the two laige basals; fig. 7, lateral view of the largest and in some respects the 
best-preserved example seen, regarded as the type of the species, which, with the preceding specimen, wa> 
found near the "Belleville Spring," about 8 miles northwest of Princeton, Ky.: fig. 8, summit view of 
another specimen coUected in the railroad cut near Marion by Mr. F. J. Fobs, after whom the species is 
named; fig. 9, upper part of one of the ambulacral areas of figure 7, magnified 3 times. 

P. johsi seems to be related to P. chesterensis Hambach, but is a larger species and has a longer and i.hhv 
conical base. The side plates or "poral pieces" also appear to be narrower, 27 to 29 of these occurring: in 
10 mm., whereas Hambach's species is said to have only about 24 in this space ("6 to 0.1 of an incii" ). The 
features relied on in distinguishing P. fohsi from all of the large species of the genus He, fii^^t. in the general 
form; second, in the flatness of the interambulacral spaces; and, third, in the depth of tiie central part of the 
ambulacral areas coupled with the very slight convexity of the slopes on either side hciwem the median 
and marginal grooves. 

Figs. 10 and 11. PerUremites Johsi var. marionensis n. var. Summit and hiteial view> .»f an unique and 
finely-preserved example found by Mr. Fobs in the railroad cut near Marion, Ky. The i>a<al part is more 
depressed and the interambulacral spaces less flat than in the typical form of the sptuii .s. In )>otli of thes( 
respects the variety is nearer P. chesterensis Hambach, but judging from tlie ligure and description of tlie 
latter in Volume IV of the Transactions of the St. Louis Academy, this specimen <an not ixlon'r to P. rJustir- 
ensisj since it has about 30 side plates in 10 mm. and relatively wider amhuhu ral aieas. 

Figs. 12-14. Pentremitea pyramidatxts n. sp. Fig. 12, a specimen of medium size, impi ife( i at the 
summit but show^ing the pentangular pyramidal form of the base and the convex aml)u]a( ral anas whirh 
together characterize the species; fig. 13, a smaller but more complete example. dilFerin*: from fipirc 12, like 
all other young specimens of the species, in being proportionately narrower: lig. 14, portion of an ex( ell. ntlv 
preserved ambulacral area, magnified 3 times. This figure is taken from an in(<)mj)lete specimen tlia' 
originally exceeded fig. 12 in size. As show^n in this and the other specimen^ refmed to tln< spcci*-. the 
ambulacral areas are convex and constructed very much as in P. conoitii us. Tlie alfiniiie^ <»f P. }>\iiah<nhitiis. 
therefore, are believed to He with that species and its allies rather than with the <:ii'up typified hy P. ohfs/- 
or with the other group of which P. Johsi is a good example. Much of the uncertaint\ pie\ailin^^ amonj 
paleontologists endeavoring to identify species of PerUremites is due to the fact that in di -( lihinu' and ehi-.^]- 
fying the species authors have paid more attention to the comparatively Miiimp.Mtaiu Natia'ion^ in the 
general form of the theca than to the more constant structural features displayed on the >uiiiue of the 
ambulacral areas. 
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Beds 4, 6, and 9 contain a good and abundant Chester fauna, that is distin- 
guished from the fauna immediately preceding it chiefly by the absence of its more 
striking elements. It consists almost entirely of Bryozoa and Brachiopoda, the 
other classes being much less conspicuous than in bed 2. 

Bed 10 contains a number of peculiar fossils^ but, unlike those found in the 
other beds, they are so firmly embedded in hard limestone that it is always difficult 
to procure good specimens. 

Distribution, — The Birdsville formation is exposed over nearly one-third of 
the combined area of the three counties of Caldwell, Crittenden, and Livingston. 
In Caldwell its upper limit is usually defined by normal contact with the overlying 
Mansfield sandstone. This is true also in the outliers of the sandstone. As repre- 
sented on the map this boundary is everywhere more or less generalized, as is also 
the undisturbed contact with the underlying Tribune Umestone. With the poor 
maps and short time at disposal it was impossible to delineate details. Where 
the boundary is marked by a fault the mapping, it is believed, is a nearer approxi- 
mation to the truth. 

The second largest area occupies the greater part of Livingston County north 
of the Cumberland River. The largest continuous outcrop embraces nearly a third 
of the area of Crittenden County and extends southeastward into Caldwell. On 
the northeast side it is bounded mainly by the Tradewater fault; on the west by 
the Columbia, Stevens, and several other shorter faults; on the south by the Tabb, 
Fredonia, Stone, and Bodard faults. The irregular area in the southwestern part 
of Caldwell, containing Scottsburg, Curry, McGowan, and Friendship, probably is 
bounded on all sides by faults. There are numerous smaller areas and projections 
from the larger ones, all inclosed by fault planes. Smithland is located on one, 
Vicksburg on another, a third occurs at the convergences of the Woods and Crit- 
tenden faults, while a fourth forms the sandstone hill west of Princeton 

Nomenclature and correlation. — This formation is named from the village of 
Birdsville, situated on the Ohio River, in the western part of Livingston County. 
The middle beds of the formation are weU displayed in the blufl^s at this locality, 
while higher beds, and possibly the top, may be seen in the bluffs along the first 4 
miles of the road to Smithland. 

The Birdsville comprises the more arenaceous and shaly upper and greater 
part of the Kaskaskia division of the Chester group. This portion of the group is 
present wherever the Chester is represented. It overlaps all the preceding forma- 
tions of the Chester, so that as a rule it forms the outer border of areas exposing 
rocks of this group. Consequently the geographic distribution of the Birdsville 
i3 greater than that of the underlying Tribune, Cypress, and Ste. Genevieve forma- 
tions, and corresponds in extent with that of the Chester group as a whole. 
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The exact equivalent of the Bu*dsville in Indiana has recently been named 
the Huron formation/' but as this name has been twice preoccupied* it can not be 
used in the sense proposed by Ashley. Under the circumstances a new name for 
the formation was required. Birds viQe, the name here proposed, should hereafter 
be substituted in Indiana for Ashley's Huron. 

yOTTSriLLB GROUP. 

MANSFIELD SANDSTONE. 

Lithologic characters, — This formation consists of a variable series of sand- 
stones, conglomerates, and shales. In some places, as in the vicinity of Claxton, 
it consists, apparently, of only a single bed, generally forming bluffs 50 to over 100 
feet in height, of more or less coarse, yellow or brown sandstone, in which irregular 
bands containing quartz pebbles stand out conspicuously in weathering. This 
sandstone constitutes the chief member of the formation in tliis ared, but farther 
inward from the edge of the coal basin, and also in some of the outliers, other beds 
referable to the same formation come in over it. At or near the top of the main 
sandstone a ferruginous layer has been frequently observed, but it seems never 
to contain sufficient iron to justify its being called an ore. 

Occasionally a bed of shale, including a thin, pockety bed of coal and a band 
of highly ferruginous lenticular masses, occurs beneath the main saiulstone. This 
lowest bed may be seen about 1 mile north of Flat Rock Church, in thr north- 
western part of Caldwell County^, where the coal was mined many years a^o to 
supply a local demand. Here the bed has a maximum thickness ol nearly ^5 feet, 
with about 10 feet of shaly sandstone, containing specks of carhonaceous matter 
at the base and resting on the eroded top of a late limestone of tlu* Bir(l>ville forma- 
tion. The remainder of the bed consists of soft, greenish to (lark-irra\ . arLnlhiceous 
shale, with coal and ferruginous beds in the lower part. Tho same IxmI of coal 
apparently is worked occasionally even now about 4 miles nortli of Princeton. 

Above the coarse-grained main sandstone one, or more rarely two. distimruisli- 
able beds that are referred to the Mansfield sandstone have Ixmmi ol)serve(l. In 
Hardins Knob, an outlier in the western part of (Yittenden County, tlic coarse 
sandstone has a tliickness of about 135 feet. Above this, to the to]) ()\' the knoh. 
come 110 teet of, first, finer-grained conglomeratic and (juartzose san(i>tnn(^ lilled 
with plant remains, and then very fine-grained sandstone or <iuari/ite>. Sonu^ of 
the latter doubtless would furnish a fair quality of whetstone. In oilier vcciion^, 
as in the vicinity of Enon and Ruth, in Caldwell County, and alonj; .ili* ( a-^icii 
border of Crittenden County, this bed is somewhat shalv and the >jniii-i'tlii^'*l.iv^ 
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a Ashley, Twenty-seventh Ann. Rept. Dept. (icol. and Nat. Kps. Indiana, linrj, j))!. 7i 77. 
I> Logan, W. E., Huron formation: Am. Jour. S<'i.. 2d ser., vol. H, is.'.2, pp. l'J4 JJV. 
group: Oeol. Survey Michigan, First Bien. Rept. Prog., 1861. pj). 71, i;«». 
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are thin and uneven and in parts nodular. As a rule it contains impressions of 
Lepidodendron and other land plants in abundance. The bed of coal included in 
it in the northeastern part of Crittenden County seems to be, considering the 
horizon, unusually persistent in thickness and character. 

The coal bed that was worked for many years at several points west of Carrs- 
ville, notably at the old Union or Trabue mines, also appears to be included in 
this bed. Here, however, there is another conglomerate above the coal. The 
coal occurs in argillaceous shale immediately beneath the "slabby" whetstone 
sandstone. Here, beneath the lower conglomerate, which is the bed that is gen- 
erally distributed through the district, there is sometimes, as at Flat Rock Church, 
in Caldwell, a variable bed of shales with coal streaks, and beneath this a thin- 
bedded sandstone resting unconformably upon upper Birdsville limestone. The 
upper conglomerate varies in a short distance from a few feet to about 50 feet in 
thickness, the increase in volume being westward from Carrsville. The lower 
conglomerate, on the contrary, decreases in that direction. As the bed between 
the two conglomerates observed in the northwestern part of Livingston County 
is much thinner than the fine-grained sandstone described as forming the top of 
Hardins Knob, it is regarded as probable that the upper conglomerate at Carrs- 
ville is merely a coarse local facies of its upper part. Whether this belief proves 
true or not, it can not be denied that the beds of the Mansfield are extremely 
variable in thickness and to a great extent in UtholOgic character. The deposits 
evidently vary according to local conditions, and much detailed work will be 
required to correlate them satisfactorily with presumably contemporaneous beds in 
Indiana, or even from point to point within the area under consideration. 

According to the evidence now available it appears probable that the lower 
conglomerate is approximately the same bed that Kindle,'* in a section of the 
Mansfield and Kaskaskia formations in Orange County, Ind., designates by the 
number 6, and to which he gives a thickness of 100 feet. Above this bed his sec- 
tion distinguishes (7) a bed of coal 14 inches thick; (8) the Hindostan whetstone, 
20 feet; (9) coarse sandstone, 35 feet; (10) coal, 1 foot; and (11) coarse sand- 
stone, 14 feet. The lower of the two coals — i. e., bed 7 — may be correlated with 
the bed of coal often found above the lower conglomerate in this district, and 
the whetstone probably occupies nearly the same horizon in both areas. The 
sandstone above the whetstone in Kindle's section may then represent the upper 
conglomerate at Carrsville. Further, if the coal of Kindle's bed 7 is, as there 
seems little reason to doubt, the equivalent of Ashley's coal I, * which he describes 
as at or near the base of the Mansfield in the area north of Orange Coimty, then 
it would appear that the lower conglomerate wedges out by overlap northward 

n Twentieth Ann. Rept. Indiana Dept. Oeol. and Nat. Res., p. 346, 1896. 
b Twenty-third Ann. Rept. Indiana Dept. Geol. and Nat. Ren., 1899. 
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in Indiana, where deposits are preserved that were laid down nearer shore than 
were those found in the more eroded area along the Ohio River. It is to be under- 
stood that the overlap referred to is here eastward rather than northward. 

When the quartz pebbles are wanting the heavy-bedded Mansfield sandstone 
looks much like the Cypress sandstone. The thin-bedded sandstones of the Mans- 
field, however, resemble much more closely certain sandstones of the Birdsville 
formation, particularly one near the top and another at the base of that forma- 
tion. In the faulted condition of the district it sometimes happens that sandstone 
outcrops occur whose stratigraphic position is not indicated by their relations to 
some more easilj'' recognized bed, but must be determined solely by the lithologic 
peculiarities of the outcrops in question. It is therefore probably worth while 
to point out the criteria here chiefly relied on to discriminate between Mansfield 
and Chester sandstones. The most important of these is the universal presence 
of small flakes of muscovite mica in the Mansfield sandstones and the compara- 
tive rarity and generally entire absence of mica in both the Cypress and Birds- 
ville sandstones. Mica flakes have been observed in the upper sandstones of the 
Birdsville formation, but in no case that comes to mind at this moment w^as its 
presence noted in any of the lower sandstones. Carbonaceous specks also are 
rare in the Birdsville and rather common in the Mansfield. 

The discovery in a massive sandstone of even a few small quartz pebbles was 
accepted as positive evidence that it is Mansfield and not Cypress or some other 
Chester sandstone. Where the beds were thin and shaly the presence of plant 
remains in considerable quantity was regarded as equally conclusive evidence in 
favor of Mansfield. Where these could not be found, the mica test was supple- 
mented by the fact that whereas the surface of the thin-bedded Birdsville sandstones 
is nearly always even, it is commonly hummocky or nodular in the Mansfield. 

Topography. — Where the lower half of the Mansfield sandstone is the surface 
rock, the country is always extremely rough. The surface is strewn with great 
bowlders and masses of conglomeratic sandstone, while bluffs and bare walls 50 
to over 100 feet in height abound. Where the areas retain a considerable part 
of the thinner bedded upper half, the topography is less rugged, and sometimes 
may even take on the character of a table-land. This change in topographj' is 
very well illustrated in passing northward across the large outlier of Mansfield 
sandstone that occupies the northwestern part of Livingston County. 

Paleontology. — Impressions of land plants are the only fossil remains so far 
found in the Mansfield sandstone in western Kentucky. These occur in greater or 
less abundance and generally in a fair state of preservation in nearly every exposure 
of the middle portion of the formation. They are less common and not so well 
preserv^ed also in the other beds. Plant remains were collected at only one locality, 
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viz, in Caldwell County, between Enon and Ruth. These were submitted to Mr. 
David White of the Survey, who has kindly determined and listed the following 
species : 

Fossils from Mansfield sandstone, collected in Caldwell County, Ky. 

Eremoptcris macilenta (Lx.) D. W. Triletes (megaspores.) 

Danseites macrophyllus (Newb. ) Lx. Sigillaria, sp. indet. 

Neuropteris cfr. Schlehani Stur. Artisia transversa Lx.t 

Calamites cistii Brongn. Cardiocarpon bicuspidatum (Stemb.) Lx. 

C. Roemeri Goepp. C. elongatum Newb. 

Lepidodendron clypeatum Lx. C. ovale Lx. 

Lepidostrobus penssylvanicus D. W. C. crassum Lx. 

Lepidophloios cfr. laricinus Stemb. Trigonocarpum ampullseforme Lx. 

Lepidocystis vesicularis Lx. T. dawsonianum D. W. 

Halonia sp. undet. 

Distribution, — The Mansfield sandstone outcrops as a continuous band from 
2 to 10 miles wide along the eastern borders of Caldwell and Crittenden counties. 
Beyond the Tradewater River, which forms the eastern boimdary of the counties 
named, the formation soon dips under later deposits. Most of the western boundary 
of this area is sinuous, being formed by normal contact with the underlying Birds- 
ville formation. In Crittenden County a part of the boundary is straightened by 
the Tradewater fault. West of this area 11 outliers have been determined, aU of 
them being conspicuous in the topography of the district. Reckoning from east to 
west, the first of these is at Iron Hill, in Crittenden Coimty. This. is a high flat- 
topped hill in the angle of convergence of the Tradewater and Crittenden faults. 
Geologically higher strata occur at lower levels on the other sides of these faults. 
The second outlier covers a considerable area in the northwestern part of Caldwell 
County and owes its preservation to downthrow in faulting. The third area occurs 
as the capping of a high hill less than 2 miles south of Weston. The fourth is an 
elongated area, averaging rather less than \\ miles in width by about 10 nules in 
length, that has been thrown down between the Columbia and Lerue faults. It is 
cut into two parts by the Hurricane fault, the downthrow in the portion northeast 
of this fault being greater than in the portion southwest of it. The fifth area is a 
small, angular one, bounded by fault-planes and known as the sand hill, situated 
just west of Sheridan. The sixth forms an elongate triangular area, with the promi- 
nent Hardins Knob at its north end. It is bounded on the east side by the southern 
prolongation of the Glendale fault and on the western side by the Miller fault. The 
area forms a rough ridge divided about half and half between the counties of Crit- 
tenden and Livingston. Between 2 and 3 miles south of the acuminate extremity 
of this area is another that forms, as usual, a patch of very rough country. The 
eighth outlier lies just north of the Cumberland River and a short distance west of 
the mouth of Sandy Creek. The ninth is provisionally indicated on the map as an 
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ovoid area about 3 miles east of Hampton and nearly the same distance south of 
Lola. The tenth is a triangular, fault-bounded area south of the Cumberland 
River between Smithland and Livingston chapel. The eleventh is the largest 
outlier in the district. It lies in the northwestern part of Livingston County and 
covers most of the area lying between the Ohio River and the Fairview fault, which 
crosses the county in a southwesterly direction from Carrsville to Bayou. The 
strata dip on the whole gently northward, allowing the upper limestones of the 
underlying Birdsville formation to outcrop in the slopes inclosing the southern half 
of the area. This part contains little more than the main sandstone of the formation 
and affords much rougher topography than the portion north of the Golconda 
road. 

Nomenclature and correlation, — The name of this formation is adopted from 
the reports of geologists of the Indiana Survey." Previous to 1896 the formation 
was generally referred to as the ^* Carboniferous conglomerate." The latter is com- 
monly, and no doubt correctly, correlated with the Pottsville group of Pennsjlvania : 
but the basal beds of the Pennsylvanian series in Indiana, southern Illinois, and 
western Kentucky, above described under the name Mansfield sandstone, probably 
represent only the upper members of the (Pottsville) group. 



ALLUVIAL DEPOSITS. 

The term alluvial deposits includes only such recent deposits as those formin^i: 
the bottom lands adjacent to the large rivers. Where those are broad th(\v have 
been distinguished in a generalized manner on the maps. In th(* ahsonco oi a 
topographic base it was thought better to do this approximately than to continue 
the patterns of the Paleozoic formations across the bottoms. The latter have, of 
course, considerable agricultural value, but the mineral veins and faults which cross 
them can no longer be traced superficially, and if worked under th(^ l)ottoms at all it 
must be by underground drifting from shafts much farther inland. 

Other and older alluvial deposits occur as beds of chert <xravel well up on ilu^ 
hills bordering the Cumberland and Tennessee rivers. These d(^|)osits were not 
studied, but they are probably worthy of careful investipition, since some of thcni 
at least may afford valuable road metal. 

oHopkins.T.C, Mansfield sandstone: Dept. Geol. and Nat. Res. India nu. Twcntioth Ann. K«|iU int ivi;, ds-Ht, pj . ]< 
195, 196, 199. 







CHAPTER III. 

GEOLOGIC STRUCTURE. 

GENERAL FEATURES. 

In a broad way the Kentucky-Illinois fluorite district represents two truncated 
stratigraphic domes. The northern one of the domes centers in Hardin County, 
111., and is the sharper and more complete of the two. The southern dome is so 
badly broken up and eroded that its center can not now be definitely fixed. It 
was probably somewhere along the Tennessee River and not far from the town of 
Grand Rivers. Both domes are irregularly circled to the north and east by an 
escarpment formed by the Mansfield sandstone, which is here the basal formation 
of the Coal Measures of the Pennsylvanian series. 

On the southwest the district is bounded by the remains of an ancient and 
often submerged anticlinal fold, against and over which deposits were piled from 
both sides." The southwestern limb of this fold evidently has with time grown 
the steeper of the two, and leads down into the much deeper basin of the Mississippi 
embayment. It is an elevation on this anticlinal fold that is supposed to be the 
center of the southern dome, for it is here that the lowest rocks in the Kentucky 
portion of the district are most commonly found. Between this place and the 
Mansfield escarpment the Mississippian formations occur in successive but very 
much interrupted bands. To the southwest the Cretaceous and Tertiary clays 
overlap the slope to, and in places across, the Tennessee River. Most, if not all 
of the Mississippian formations are believed to have extended, in part at least, 
over the anticlinal fold into the embayment. 



a In his report on the Jackson Purchase Region, pp. 321-^26. published by the Geological Survey of Kentucky in 1888, 
R. H. Loughridge discusses the evidence afforded by a deep well at Paducah and reaches the conclusion that an immense 
east-west fault passes through the Paleozoic rocks beneath the Tertiary clays at or Just north of Paducah. According to 
his interpretation of the beds passed through by the well boring the region south of the Ohio River sank "to a depth of 
more than 1,300 feet." As interpreted by the present writer, the evidence afforded by the well tends to show that it there is 
any fault at all beneath Paducah, the displacement can not exceed 400 feet. Indeed, it is thought possible that instead of 
being the result of faulting the difference in altitude of certain stratigraphic horizons on opposite sides of the Ohio River 
in the immediate vicinity of Paducah, upon which Loughridge's theory of a buried fault is based, is really due to mere anti- 
clinal folding. However, the embayment proper is most probably paralleled on the northeast by a great fault that passes 
a few miles south instead of north of Paducah. 

71 
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FAULTS. 
GENERAL CHARACTER OF FAULTS. 

The fluorite district contains a very large number of faults, no less than 35, 
with a maximum displacement ranging from 300 to perhaps over 1,400 feet, being 
known on the Kentucky side of the Ohio alone; and it appears that the northern 
half of the district will not fall far short in this respect. Since many of these are 
connected with series of subsidiary fractures and faults, whose displacement rarely 
exceeds 200 feet, and is usually considerably less than that, they may be distin- 
guished as the main faults. Of the subsidiary fissures, there are probably hundreds. 

The faults, apparently in all cases, are normal, and strike in many directions. 
Their planes divide the area into a large number of very unequal, but always sharp- 
sided polygons. As a rule the lines of faulting are practically straight, apparent 
slight deflections in the course being generally due to the dip of the fault planes 
(which is usually considerable) upon the line of outcrop over an undulating surface. 
Often, however, as in the case of the Tabb fault, the faults are broken up into series 
arranged en Echelon. Each plane of such a series is straight, but the strike of the 
individual planes is not quite parallel, and generally crosses the average strike 
of the zone in which the faulting has taken place. Again, when one of the main 
faults is accompanied by, or is split up into, subsidiary fractures, as in the case of 
the Columbia, it often happens that the major displacement occurs along first one 
and then another of the subparallel fractures, and oftener it is transferred hack 
again to the main line. In these cases the main line may as a rule he traced throujzh, 
but the degree of faulting along it is periodically subsidiary. In other cases, finally, 
the subsidiary faults are arranged step-like on one or both sides of the main liiH\. 
as in the case of the Larue, between Hurricane and Crooked cnn'ks. The determi- 
nation of any of these conditions in this and most other fissured districts depends 
very largely upon the results brought out in abundant prospectin^r and siihseqiu nt 
development of the veins. Of course, the detailed work required to bring thtin 
out clearly enough to delineate them on a map was po>sil)h» in only a few cas<'s in 
this district. In the other cases it is not to be doubted that future investiL^aticais 
will often, if not always, necessitate similar modifications of tbe loni: straiLrht line 
by which the faults are now represented on the accompanyiuLr nui])>. in tbt 
meantime they should be viewed as representing the aveiaire course s of zones rathei 
than individual fault-planes. 

TRACING OF FAULTS. 

When the displacement of the strata is sufficient to l)rini: two 
distinct formations into juxtaposition, as, for instance, when tin , 
the Mansfield formation and of the Chester <rroup are tlu'owTi dow : 
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of the normally underlying limestone formations, there is little difficulty in tracing 
the fault; but where the displacement is insufficient to produce this result, or where 
the opposing formations are lithologically similar, very close stratigraphic or 
paleontologic comparisons are required to establish its presence. Indeed the 
difficulties seemed almost insurmountable in the cases where the faults extended 
into the deeply weathered areas occupied by the St. Louis and lower limestones. 
Still, fortuitous discoveries along their lines of strike will, it is believed, result in 
the extension of many of the faults into such areas, and particularly into the large 
one that embraces nearly the whole of Lyon County and smaller portions of the 
adjoining counties. In the cases where different parts of any of the formations 
of the Chester group are on the two opposite sides of the fault-plane the difficulties 
are usually not so great, since the different members of these formations may be 
distinguished without much trouble. Besides, they are as a rule not deeply weath- 
ered, while in the arenaceous formations the course of the fault is very commonly 
marked by protruding dike-like masses of silicified sandstone. 

DIVISION OF FAULTS INTO SYSTEMS. 

Taken as a whole, the fractures fall into at least two well-defined systems, 
one trending northeast to east, the other north to northwest. In Kentucky the 
northeasterly system is the more prominent and its fractures are perhaps more 
generally mineralized than those of the other systems. The faults in this system 
have also resulted in a much greater average displacement of the strata than pre- 
vails in the northwest system. The faulting in the latter rarely amounts to 400 
feet, while in the former it commonly exceeds that amount, and sometimes reaches 
the maximum of 1,400 feet observed in the district. 

The division of the faults into systems varies according to the criteria employed 
in classifying them. If they are classified solely according to direction of strike, 
they fall into two main systems — one northeast, the other northwest — and a third 
more subordinate system trending nearly due east. If, however, other factors, 
such as arrangement with respect to centers, direction of diminution of throw, 
and localization of development are also considered, the resulting classification, 
though similar on the whole, is still somewhat different in detail. Thus, while 
the subordinate system of easterly fractures, wMch has its main development in 
Caldwell County, is the same in both classifications, the northeast system in the 
first includes several northeast faults in the northwestern quarter of Livingston 
County that in the second classification are referred to the otherwise northwesterly 
trending system. As to the respective merits of the two classifications, convenience 
alone is consulted in the first, while in the second supposed natural relations are 
the controlling factors. 
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When plotted on a map (see PL II, opposite p. 22) the northeast faults, exclud- 
ing the Fairview and Rosiclare faults, constitute an obviously natural and geo- 
graphically distinct system. This presents an obscure fan-shaped arrangement, 
radiating and diverging eastwardly from the region between Pinckneyville and 
Smithland in Livingston County. The ribs of the fan pass through or into Crit- 
tenden County, and its successive lines lun more and more easterly as we approach 
the southern boundary of that county and enter Caldwell, where they pass over 
into the subordinate system in which the fractures strike from a little north of east 
to a few degrees south. As a rule, the faulting grows less and finally dies out entirely 
in an easterly direction. Considered geographically, this system is eminently 
Kentuckian. 

In a comprehensive view, the faults in the northern parts of Livingston and 
Crittenden counties, which strike toward the Ohio River, appear to belong to a 
similarly though less compactly arranged system, radiating and diverging south- 
ward from the western part of Hardin County, 111. The course of the most western 
of this clearlv Illinois svstem of faults is about S. 30° W.; that of the Tradewater 
fault on the opposite side of the district S. 56° E. Except the dikes, which i)n)l)- 
ably form systems of their own, all of the noithwest fractures in west Kentiukv 
may be referred to this Illinois system. 

This irregularly radial arrangement of the fractures has, so far as known, no 
relation to the igneous deposits of the district. Indeed, no iirneous rocks of an} 
sort have yet been found either in Livingston County, the southern half of \\hi( h 
contains the imaginary converging point of one of the systems, nor in the part of 
Hardin Countv in which the Illinois svstem centers. Moreover, with one or po>>il)lv 
two exceptions, the trend of all of the dikes is essentially at riirht ani:l(s to the 
more prominent system, being northwest instead of north(a>t. \: 

The fractures, whether mineralized or not, frecjuently s( rvc^ as ( hannels for h 

descending waters, as is shown by the corrosion of the walls. <onie of the a{)}>ar- ^ ;? 

ently unmineralized fractures forming either open fissures or crevices tilled with red 
clay. Sometimes, though perhaps only where the Birdsville toiination (hciu-^ in 
one of the walls, the crevice is largely occupied hv drairired-in shales and dark 
secondarily deposited claj^s. Sink holes are common alonir some ol the fradUK-. 
and to a certain extent these may be used as guides in lo( atini: the ii»nre> Th( 
are, however, likely to prove unreliable and misleachnir. >in( t^ vcrv often ihey It ad 
to nothing better than merely enlarged joints and eavertw in tlic lini< -t<»iie foriij.i- 
tions. The limestone beds contained in the faulted l)lo( k^ arc ni ( oni-^. :il)niidaiiii\ 
traversed by such joints. These often parallel the faiilt-j>laii« - ini i;^o; r 
seems to be no definite relation between them. At ativ rat* ih. 
obvious. 
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DATE OF FAULTING. 

The axes of the two primary domes contained within the limits of the Ken- 

4 

tucky-IUinois fluorite district doubtless were in existence long before the fracturing 
began. Aside from these axes, the structural phenomena observed in the region 
are seemingly due almost entirely to vertical uplift and gravitational adjustments 
following or incident to the process of fracturing. During the later stage of this 
process some oblique lateral stresses doubtless came into play to modify the effects 
of the purely vertical movements. As to when these movements and the conse- 
quent fracturing and faulting occurred it is difficult to secure definite ds^ta. It 
must have been subsequent to the close of the Carboniferous, since beds of that 
age are involved^ in the faulting, and it is perhaps equally certain, though more 
difficult to prove, that it took place before the close of the Tertiary. A full discus- 
sion of the matter would require more space than is warranted by its relatively 
small importance. It must therefore suffice for the present to merely state the 
writer's opinion that the greater part of the movements occurred during the later 
half of the Cretaceous period, and that the faulting then established continued, with 
periodic accentuations and additions of fractures of minor import, almost to the 
present time. Also that the origin of the dikes and of most of the main faults was 
nearly contemporaneous, the former probably having a brief priority over the latter. 

DETAILED DESCRIPTION OF FAULTS. 

To facilitate the location of the faults they are divided, somewhat arbitrarily, 
into four sets, (1) those trending northeast to southwest, (2) those trending nearly 
east and west, (3) those extending from northwest to southeast, and (4) a set of 
unimportant faults, mainly in Caldwell County, trending nearly north and south. 
Those in each set are considered in the order of their occurrence, beginning with 
the first of the northeast set in the northwestern angle of the maps (PI. II, p. 22, 
and PI. VIII, p. 116) and passing southwesterly across it. The east-west set is 
almost confined to Caldwell County. Each fault of this set is considered in the 
same order, beginning with the Fredonia and ending with the McGowan. The 
description of the northwest set begins with the Trade water fault and, proceeding 
southwesterly across the area, ends with the Deer Creek faults. Finally, following 
brief remarks on the fourth set of faults, the peridotite dikes are considered in a 
similar order, beginning with the Flanary, which has a northeast trend, and ending 
with the most westerly one of the northwest dikes. 

LIST OF FAULTS AND DIKES. 

The following list shows the order in which the faults and dikes are considered. 
Those with a maximum displacement of less than 300 feet are distinguished by 
italics. Following the name the average course of each is given according to the 
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magnetic north, which in 1902 varied in the district from 4 to 5 degrees east of 
true north. In the description following the list, however, the error of the magnetic 
needle has been corrected as much as possible, but it is to be understood that the 
direction given is in all cases only approximate, and applies to the zone of faulting, 
and not, as a rule, to the individual and local fault planes. 

List of faults and dUcea in western Kentucky. , 



Xortheast-southwest faults (N. 12^-72* E.): 
Undetennined fault (N. 26°-31° E.). 
Fairview fault (N. 24° E.). 
Rosiclare fault (N. 8° E.). 
Lola fault (N. 37° E.). 
Faulted blocks at and west of Sheridan. 
Com fault (N. 61°E.). 
Dyers Hill fault (N. 36° E.)- 
LairobefauU (N. 44°E.). 
Pittsburg fault (N. 19° E.). 
Fault 2i miles east of Smithland (N. 32° E.). 
MiUer fault (N. 27°E.). 
Larue fault (N. 29°E.). 
Glendale fault (N. 36° E.)- 
Sandy Creek fault (N. 19° E.). 
Minor fractures in vicinity of Salem. 
Evening Star fault (N. 37° E.). 
Columbia fault (N. 23° E.). 
Memphis group of fractures (N. 30°-33° E.). 
Stevens fault (N. 34°E.). 
Marion fault (N. 39°E.). 
Woods fault (N. 39°E.). 
Hodge fault (N. 41° E.). 
Crittenden fault (N. 52° E.). 
YandeU fault (N. 36° E.). 
Bibb group of fractures (N. 52°-56° E.). 
Tabb fault (N. 72°E.). 
Faults bordering large sandstone hill west of 

Princeton. 
Princeton fault (N. 63° E.). 
Saratoga fault (N. 40° E.). 

NORTH EAST- SOUTH W EST FA I' LTS . 

Undetermined fault {N. 30^-35^ E.). — On enterinjr the Kontiicky ])art of the 
fluorite district at its northwestern corner and passino; southwc stiilv. :.i( rn>s ii 
the first fracture encountered is a fault of small displaccMiKMit ihni 
cross the river in a southwesterly direction from Hardin Count \ .••!'? 
of faulting were observed about 2 miles west of Carrsville, but a> \\\{l 



Northeast-southwest fatilts. etc. — Continued. 

Two small faults south of Princeton. 

Friendship fault (N. 50° E.). 
East-west faults (N. 74°-94° E.): 

Fredonia fault (N. 94° E.). 

Lowery and Marble fissures. 

Matthews fault (N. 86° E.). 

Clay Lick fault (N. 83°E.). 

Skinframe fault (N. 86° E.). 

Eddy Creek fault (N. 74° E.)- 

McGowan fault (N. 92° E.). 
Northwest-southeast faults (N. 15°-68° W.): 

Tradewater fault (N. 60° W.). 

Bodard fault (N. 68° W.)- 

Dollarson faults (N. 56° - W.). 

Livingston Creek fault (N. 20° W.). 

Hurricane fauU (N. 17° W.)- 

Tolu fault (N. 34°W.). 

Holly faults (N. 31°W.). 

Puckett Branch fault (N. iU" W. K 

Deer Creek faults (X. lo^ 17MV. ). 

Other small and generally nnimjxtriant faults. 
Dikes: 

Flanar\' dike (N. 44^ E. ). 

Hard dike (N. 3<s° W. ). 

Walker dike (X..S9°\V.). 

Old Jimdike (X. 'M\- \\ .). 

Cardcndike (X. 3.r W). 

View dike (N. 'M' W. ). 
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seemed to attach to it, no attempt was made to trace and locate it on the map. 
Possibly it is due to this fault that the upper limestone of the Birdsville formation 
outcrops so suddenly about 1 mile south of Berry Ferry. If so, the course of 
the fault would be N. 30°-35° E. 

Fairview fault (iV. 29^ E,) . — This is a well-marked fracture with a displace- 
ment varying in Kentucky from somewhat over 200 feet to about 400 feet. It 
is shown, with the fault plane sHghtly mineralized, on the river bank just below 
Carrsville. The outcrop is marked by a dike-like mass of quartzite. On the 
west side of the fault here the slopes of the hills expose upper Umestones shales 
and sandstones of the Birdsville formation, and above these to the tops of the 
hills mostly heavy-bedded* Mansfield sandstone. The nearest exposures on the 
east side of the fault indicate beds occurring at least 200 feet lower in the Birds- 
ville. Similar conditions prevail for about 2 miles southwest along the fault before 
the general increase in altitude of the country on the east side buries the contact 
between the top of the Birdsville and the Mansfield. Passing over the divide 
and down the north or Sugar Camp fork of Bayou Creek the upper beds of the 
Birdsville soon show again on the west side and continue thence with gradually 
deepening exposures to the Ohio River bottom near the mouth of the creek. 
Throughout the course of the Fairview fault in Livingston County the downthrow 
remains on' the west side of the fault. 

Besides the slightly mineraUzed outcrop in the river bank at Carrsville, only 
one other prospect is known in Kentucky on this fault. This is the Wright shaft, 
situated about three-fourths of a mile south of Carrsville on the west of the Joy 
road. This is one of- the few 'good prospects of those having Birdsville rocks in 
both walls. It is being developed by the Ohio Valley Mining Company. 

There seem to be no reasonable grounds for doubt that this is an extension 
of the fault upon which the Fairview mine in Hardin County, 111., is located. At 
that mine the country rock on the west of the fault was determined as Mansfield 
sandstone, and on the east side, at the shaft, as Tribune limestone. A short dis- 
tance south of the main shaft another shaft was sunk in thin-bedded lower Birds- 
ville sandstone and shale, indicating that between the two shafts there is a cross 
fault. South of this cross fault the rocks on the two sides of the main fault would 
appear to be about the same as above described in Livingston County, the only 
difference being that the throw is somewhat greater on the lUinois side of the 
river. 

The Fairview fault and vein is sometimes spoken of as a continuation of the 
Rosiclare vein. In part this is doubtless a fact, yet it seems to the writer that 
the deflected part of the vein now chiefly worked at the Rosiclare mine is really 
not the same vein as the one that can be traced from the old workings to the Fair- 
view shaft. Instead of a bend in the vein, which is only one of the necessary 



78 LEAD, ZINC, AND FLUORSPAR DEPOSITS OF WESTERN KENTUCKY. 

assumptions in the opposite view, it seems more likely that there are two inter- 
secting faults at the Rosiclare mine, or that the Rosiclare vein forks, one branch 

* 

being the Fairview vein, while the other, or true Rosiclare, continues with a 
more southerly course through the ''well prospect" on the Fairview company's 
property and thence across the river into Kentucky. The difference in the for- 
mations on the east side of the Rosiclare and Fairview mines is accounted for in 
this view but not in the other. 

Rosiclare fault (N, 12.5^ E,). — In passing over the east and west roads crossing 
the northern half of Livingston County indications of faulting in Birdsville rocks, 
with a general northeast-southwest trend and comparatively small displacement, 
were observed at three points. The first is near the forks of the road rather less 
than a mile southeast of Carrsville; the second occurs a mile or so east of Joy, on the 
Lola and Golconda road; the third point lies about 2 miles northwest of Hampton. 
A line connecting the three points corresponds very nearly with the course here 
ascribed to the Rosiclare fault. It is most probably not a continuous fault plane, 
but rather a zone of faulting in which a number of planes are arranged en echelon. 
Possibly the obscure fault mapped as extending from Dyers Hill Church to and 
beyond Smithland represents a continuation of the same zone. As no mineral 
prospects were reported along this line and as mineralization of fractures in Birds- 
ville rocks is rare and with the possible exception of the Ohio Valley Mining Com- 
pany's prospect on the Fairview fault near Carrsville, is, in no ease observed, of 
permanent value, the indications were passed without careful examination. 

Lola fault {N. 41^ £*.). — As this fault resulted in only a small amount of displace- 
ment and, moreover, as it passes chiefly through areas unfavorable for exact deter- 
minations, It is not well known. It is indicated in the village of Lola by an outcrop 
of fluorspar in the road and again, 2 miles southwest, in the Bonanza ni wv. The 
throw at Lola seems to be on the north side, but at the Bonanza mine it apjxnirs 
to be on the opposite side. The fracture probably continues nort beast ward across 
Deer Creek into the St. Louis limestone area, in which it secMus to be indicated by 
the northeast vein in the Mann mine, but, on account of the small throw and de|)tb 
of weathering of the limestone, its course is very diflicult to follow . 

Faulted blocks at and west of Sheridan. — There are tbree fault-i)oun(l(Hl sand- 
stone areas almost entirely surroimded by St. Louis Hmestone. one at Sln»ri(h\n. 
the other two several miles west of that place. The latter a|)p(»ai to < (»n>ist (»f 
Chester sandstone, but whether of Cypress or Birdsville ag(^ \\a> not |)o>itiv(ly 
determined. Their boundaries also are conjectural, time in tJK^ li<ld Imvin-: btcn 
too limited to plot them accurately. Provisionally they ar(» 'J^^MM^vd iiC:^.X y 
The block at Sheridan, however, is of Mansfield sandstone and bn'j'JMJig^ritV'ir'lVMirlia 
unequal sides by faults. With undoubted St. Louis limestone on jj^^^^l?^ 
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apparently Cypress sandstone on the southwest, the maximum throw of this block 
can not be less than 1,000 feet and may exceed 1,200 feet. If these blocks, especially 
the last, are, as is believed, wedge-shaped vertically, with the smaller dimensions 
beneath, then there should be some very wide fissures in the limestones beyond 
their superficial angles. In 1890 the writer observed fragments of igneous rock 
just beyond the northeast extremity of the Mansfield sandstone block, and it is possi- 
ble that the conjectured fissure is here filled by a great dike. Such a dike might 
very well occur here as an extension of the Flanary dike, the supposed course of 
which corresponds with that of the fault forming the southeast boundary of the 
block. 

Com fault {N. 66° E.). — This fault has been traced westward from a point on 
the Miller fault about one-half mile east of Pleasant Grove Church to the Deer 
Creek fault, which it meets and possibly crosses about 1^ miles southeast of Lola. 
Especially in the eastern half of its length the Corn fault is broken up into, or is 
accompanied by, several subsidiary planes arranged en Echelon. Throughout its 
length the northern side of the fault exposes residual clays and chert of the St. 
Louis limestone. The greatest displacement occurs in the mile farthest east, where 
it forms the northern boundary of the long strip of BirdsviUe formation country 
included between the Dyers Hill and Miller faults. In the next mile west the St. 
Louis limestone abuts against Cypress sandstone and upper beds of the Ste. Gene- 
vieve limestone. In the next mile a Chester sandstone, provisionally referred to the 
BirdsviUe formation, is on the south side, while in the last mile, after crossing a 
northwest fault, it passes with slight faulting through St. Louis limestone. 

Although several interrupted planes in the eastern half of the Com zone of 
faulting lie from 100 to perhaps 600 feet south of a straight line connecting the 
western half of the fault with the Pleasant Grove Church, the Madrid prospect and 
certain surface indications tend to show that fracturing of the St. Louis limestone 
occurred all along this line. The major throw of the lault, however, may occur 
along the shorter planes, as at the Ben Belt mine. There are several of these sub- 
sidiary planes, the Com or Givens mine being on a second and the Bebout prospect 
apparently on a third. They seem to diverge rather uniformly from the direct 
line in a westerly direction. 

Dyers Hill fault {N, il° E.). — The southwestern end of this fault in Livingston 
County is easily recognized by the abnormal and rectilinear juxtaposition of the Ste. 
Genevieve limestone, which occurs on the south side, and the BirdsviUe formation, 
here usually sandstone, on the north side. Northeast of Dyers Hill Church, how- 
ever, it is much more difficult to follow the fracture, since for a distance of nearly 
9 miles sandstone prevails on both sides of the fault. Over about one-half of this 
distance the country on the south side of the fault exposes mainly Cypress sand- 
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stone ; but the block may also contain higher Chester formations. Similarly, the 
block south of Lola, now on the north side of a fault that is beUeved to be a continua- 
tion of the Dyers Hill fault, is provisionally mapped as Cypress. With such similar 
sandstone formations more time in the field than was available would be required 
to determine their respective areal distributions. 

The J. O. Belt prospect, near Pleasant Grove Church, is believed to be on an 
extension of the Dyers Hill fault. Here the narrow block between the Ben Belt 
plane of the Com zone of faulting and this fault consists of upper Ste. Genevieve 
limestone capped by Cypress sandstone. The rocks on the south side of the fault 
at the J. O. Belt shaft were determined as Birdsville. There is some evidence 
indicating that the Dyers Hill zone of faulting continues northwardly beyond 
tHe Com fault, but the indications are soon lost in the deeply weathered St. Louis 
area. Besides, there are so many intersecting northeast faults in this region that 
it is extremely difficult to determine their relations exactly. 

Latrohe fault {N. 4'^ E,). — This fault may be traced very satisfactorily across 
the hills in the point of land between the Ohio and the great bend of the Cumberland 
River. It is clearly shown in the bluff at the Royal mine. In the bend on the other 
side of the Cumberland it is again recognizable, but not so easily. On the north 
side of the river it passes up Bissels Creek and intersects the Pittsburg fault at the 
Benard or Klondykc mine. Farther east it passes through the Coker (formerly 
Donake) mine and finally is lost in the sandstone hills beyond. Possibly it fojiris 
the southern boundary of the high Birdsville and Mansfield sandstone area between 
Mullikin and Sandy Creek. 

West of the Pittsburg fault the Latrobe fault forms the southern boundaiy of 
a Ste. Genevieve Umestone area capped farther back from the river liy Cypress 
sandstone. On the opposite side the Cypress occurs in the outcrops observed 
in the triangle between the diverging Latrobe and Pittsburg: faults. East of tlie 
latter both sides of the Latrobe fracture expose only Birdsville^ roeks. The throw 
along the Latrobe fault seems to be everywhere on tlu* soutli side, but is al\\a\ 
small, the maximum, so far as observed, being pro})ably less than 100 f(»et. 

Pittsburg fault {N. 2J^ E.). — This fault zone was dc^iinitely located at several 
points along the line drawn on the accompanying maps. It forms a sharp l)oun(iary 
between the Birdsville area at Smithland and the small, downthrown block of 
Mansfield sandstone 1 mile east of that town. From the ( iimlx ihuid Kiver nortli- 
ward to and beyond the Klondike mine its course is very sliarj)Iy (hliiitd by Ln« at 
sheeted masses of quartzite. For 4 or 5 miles north of Mullikin bnirtiiiL' o( ( in- 
in this zone, but as two other faults, the Miller and (ih ndale. ( «>in/].:v.tt\.\\ 
into the same zone, it is difficult to distinguish one from tlic n^\' 
interval of 3 or 4 miles more of Birdsville rocks, in which no obs(M \ ai-ti 
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the Pittsburg trend is again taken up by a fault fonning the eastern Umit of a small, 
downthrown block of Birdsville sandstone situated about midway between Lola 
and Pleasant Grove Church. Elsewhere the throw is apparently always on the 
east side, varying, in the instances observed, from about 200 feet to perhaps 400 
or 500 feet. 

Fault 2\ miles east of Smithland {N. S2^ E,), — A strong fault forms the eastern 
boundary of the Mansfield sandstone block about IJ miles west of Livingston Chapel. 
A triangular projection of Spergen limestone from the large Meramec area to the 
south lies on the east side of the fault. The displacement, accordingly, is one of 
the greatest in the district, being no less than 1,200 feet. The Spergen limestone, 
which is here largely oolitic, is very well exposed in the slope of the hill just north 
of the chapel. It is also shown, with its characteristic fossils, in the dump of a 
prospect on the fault a short distance north of the forks of the road. Traced north- 
ward the fault is either cut oflf entirely or greatly reduced in throw by an 
east-west fault' before reaching the first creek. North of the east-west fault the 
surface of the whole block between the Pittsburg and Sandy Creek faults exposes, 
as far as observed, only Birdsville rocks. 

Miller fauU (N. 31^ E.). — The Miller fault may be traced with unusual facility 
from the west side of the Mansfield sandstone block at Sheridan to a point a short 
distance east of the crossroads near Pleasant Grove Church. Here the line is 
somewhat disturbed by the Com zone of faulting, but it is soon taken up again, 
and may be followed without serious interruption or difficulty along the west side 
of a Mansfield-sandstone ridge that extends to within a mile of Old Salem Church. 
Beyond this point it enters into a tumbled region containing the Pittsburg fault 
zone in which the separate lines are not readily distinguished. 

North of the Com fault, near Pleasant Grove Church, the St. Louis limestone 
lines the west side of the Miller fault. Four mines or prospects are located on 
the fault plane, which is here more or less mineralized; they are the Miller, MiUigan, 
Clement, and Jones prospects. Between Pleasant Grove and Old Salem churches 
the fault passes almost entirely between sandstone formations and, so far as known, 
this stretch of the fault plane or planes contains no deposits of valuable minerals. 

Larue fauU (N. 33° ^.).-T-Under this name the writer refers to a zone of faulting 
that can be traced from the Larue mine on Coefield Creek (east branch of Deer 
Creek) to the Ohio River at Fords Ferry. From the latter point to Hurricane 
Creek the main fault plane, as a rule, separates Mansfield sandstone on the east 
from St. Louis limestone on the west, giving a displacement of from 1,000 to 1,400 
feet. On the west side and running parallel with this plane several subsidiary 
planes are indicated by mineralized fissures, which separate very narrow strips of 
Chester sandstone and Ste. Genevieve Umestone. Between Hurricane Creek and 
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side. Th« maximum displacement is attained in the vicinity of the Stevens clay 
mine, where it may amount to about 400 feet. 

The occurrence of the Ohara member of the Ste. Genevieve limestone in the 
banks of Crooked Creek just east of Freedom Church, and of Cypress sandstone 
between this point and the Stevens fault, probably indicates that the Evening 
Star zone of faulting extends many miles northeast of the Salem- View road. This 
extension was not suspected while in the field, but the presence of the fault in the 
area of Chester sandstones east of the Stevens fault could very easily have been 
overlooked. 

The mines and prospects in this zone of faulting are nearly all located just 
within the east boundary of Livingston County. Of these the Evening Star, 
Morning Star, and Nancy Hanks mines are well known. 

Columbia favit (N. 27° E.). — This is one of the best-marked fault zones in the 
district. It is also one of the longest, fracturing with more or less faulting occurring 
along this line from the Ohio River near Weston to the Cumberland River, a distance 
of over 22 miles. Except in the last 2 or 3 miles, near the Cumberland, where the 
relations are reversed, the throw is always on the west side. It is greatest in the 
part from 1 to 2 nules north of Crittenden Springs, being no less than 900 feet in 
this region. Farther north the throw grows rapidly less, being probably not more 
than 400 feet where the road passes over Pickering Hill. From Crittenden Spring:s 
to Levias the throw seems nowhere to exceed 750 feet. In the vicinity of the 
Columbia mines the aggregate displacement between the Ste. Genevieve on the 
east of the main fault and the Birdsville on the west is about 700 feet. In the 
vicinity of Levias it is estimated at 500 feet or less. 

In the Salem VaUey the displacement is insufficient to brin^ difrerent forma- 
tions into juxtaposition until the fault reaches the county lino, beyond which the 
St. Louis limestone is exposed on the west side for 2 miles or more. After crossinor 
the Evening Star fault this cherty limestone gives place to vSte. Genevieye limestone. 
The latter continues on the east side, except in a series of narrow Cypress sandstone 
hills, and forms a broad, level valley extending to the Cuniherland River. Tlie 
western border of the lower part of this Ste. Genevioyo Hniestone yalloy is lined 
for about 2 miles by the Cypress sandstone hills just mentioned. Immediately 
west of these hiUs lies an extremely hilly and cherty block of St. Louis Hmestonr. 
indicating that in this southern extension of the fault the tlirow is on the east side 
instead of the west. 

Though numerous mines and prospects have been located <>l^thn-f}ullt phmr^ 
of this zone, they are almost all confined to territory limited \)\ a.>(lt 
than 2 miles north and south from the Crittenden Springs Hot(^l. ^ 
tant of these are the Columbia, Watkins, New Jim, Major Clenu ns. anj 
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mines. No reason is known why this and other faults passing through important 
limestone formations are not more generally mineralized, unless it is that large 
bodies of fluorite and other valuable minerals occur only in areas where the main 
faults are accompanied by numerous subsidiary fractures, either crossing or paral- 
leling the major plane and serving to promote free circulation of waters carrying 
minerals in solution. 

Memphis group of fractures. — In the area lying east of the Columbia fault and 
north of the Old Jim mine there are a number of minor faults. Most of these run 
nearly parallel with the average course of the Columbia fault, but several have a 
more easterly direction. In all of them the maximum displacement is less than 100 
feet, and as a rule it is much less. In the Memphis fault and in the similar fault 
next east the throw is on the west side, but in the Klondike fracture it is on the 
east side. On account of this reverse in throw a narrow strip of Ste. Genevieve 
Umestone extends all the way from the Klondike mine to the larger area of this 
limestone surrounding Bethel Church. All of the sandstone outcrops in this area 
are of the Cypress formation. Along the Fords Ferry road, however, a few miles 
north of the Memphis and Klondike mines, apparently all the observed outcrops 
are of the Birdsville formation. It is not known whether this change is due to 
simple dip of the strata in that direction or to a cross fault, though it is suspected 
that the latter will prove the truer explanation. 

Stevens fault {sink-hole break) {N, 38° E,). — This fault extends in an almost 
unbroken and generally easily recognized line from the east border of Livingston 
County at the Stevens clay mine, where it has St. Louis limestone on the north 
and Cypress sandstone on the south, to and perhaps beyond a point about 4 miles 
due north of Marion. In these 12 miles the throw is always on the southeast side. 
It decreases in amount in a northeasterly direction, being about 350 feet at the 
Stevens mine and 150 feet or less northeast of Levias. So far as known nothing 
higher than Cypress sandstone occurs on the southeast side of the fault, though 
it must be admitted that in the middle third of the plotted length of the fault the 
rocks on this side remind one strongly of Birdsville. Possibly the Eaton fracture, 
near Levias, causes faulting between this fault and the Evening Star fault zone, 
and that another cross fault occurs between Freedom Church and the Marion and 
Crittenden Springs road. In that case the Birdsville probably stretches north- 
westward from the Marion fault to the Stevens fault in the area between the two 
cross faults. Provisionally the doubtful strip is mapped as undifferentiated Chester. 

The only notable mining prospect that has so far been discovered on the Stevens 
fault is a large deposit of highly siliceous clay which is being worked by tunneling 
at the Stevens mine. This clay is evidently a residual product of decomposed 
Cypress quartzite and to a less extent of St. Louis chert. 
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Marion fault (N, 43^-44° E.). — The Marion fault is a well-marked structural 
feature extending from a point on the Cumberiand River, a little over a mUe west 
oi Pinckneyville, to Marion. It passes on through the eastern edge of this to^\Ti, 
where it crosses the railroad, and finally dies out in the third or fourth mile farther 
northeast. The throw is everywhere on the northwest side, but it is not unifonii. 
and, as usual, the rocks on either side varj' greatly from point to point. 

From the Cumberland to near Amis Church, Ste. Genevieve limestone occurs 
in the broad valley on the northwest side of the fault. At the church and thence 
to the southern end of Rings Bluff, Cypress sandstone, in bluffy elevations, is on 
the northwest side. Rings Bluff itself seems also to be of Cj^press sandstone, but 
back of it, beyond the line of the Marion fault, the formation is lower Birdsville. 
Rocks of the latter formation continue on this side of the fault to the Mansfield 
sandstone on the north of the Tradewater fault. 

On the southeast side of the Marion fault a narrow strip of St. Louis limestone, 
limited on the opposite side by the Woods fault, stretches from the Cumberland 
to Puckett Spring. For about 2 miles northeast of this spring a sandstone occupies 
more or less of the space between the Marion and Woods faults. For a part of 
the distance between Amis Church and the Ebby Hodge mine, two smaller erosv 
faults, one nearly north and south, the other east and west (Clay Lick fault), brinn 
the St. Louis limestone again to the Marion-fault plane. Beginninir at the intersec- 
tion with the Clay Lick fault, near which the Ebby Hodge mine is situated, (y])ress 
sandstone now occurs on the southeast instead of the northwest side of tlu^ Marion 
fault, and continues to form this wall for at least 3 miles in a nortlu^asterly direction 
from the mine mentioned. A Chester limestone, whether Trii)une or Birdsville 
was not determined, comes next, but soon gives way to more sandstone; and tin 
sandstone apparently continues to Marion. It resembles the Cypress sandstone. 
but is probably one of the lower beds of the Birdsville formation. Should it ])rove 
to be the former, then more faults will be required to explain the known aioal 
distribution of Chester formations east of Marion. 

Two mines, besides a few more or less doubtful prospects, have been local <(! 
on the Marion fault. The Ebby Hodge mine, at the southern end of Kin<rs Blnll 
has already been mentioned. The Lucile mine is located at Marion, just (»ast (»1 
the railroad. 

Woods fault {N,43^ E.), — This fault parallels the southern half of the Marion 
fault and the two might justly be considered as unusually well-thliiuHl phinc «> of a 
single zone of fracturing. Southwest of Puckett Sprin<:; Bunu h the j.uo fanh- .iiv 
separated by a narrow strip of St. Louis limestone. ()p|)()sii(' ihi- rhrp imd liit V\i 
stone strip, and immediately on the southeast side of the Wn<u]v f^M^iK^a> 
eastwardly expanding ridge of sandstone, indicatinir a throw of •'' 
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As the strata in this ridge evidentty are much disturbed, some of this sandstone 
may be of the Cypress formation, but the greater part doubtless belongs to the 
BirdsviUe. At the eastern end of the ridge, where it is abruptly broken off by the 
Puckett Branch fault, the lower half of the bluff exposes a considerable bed of 
partly oolitic limestone that is provisionally referred to the Tribune limestone. 

Northeast of this cross fault the relations of the geologic formations on the 
two sides of the Woods fault are reversed. At the Riley mine various beds of the 
BirdsviUe formation are exposed in the bluff on the northwest side of the fault, 
w^hile St. Louis limestone occurs on the southeast side. The throw, probably 
amounting to not less than 500 feet, is here on the west side. A quarter of a mUe 
northeast of the Riley mine the main displacement is taken up by certain subsid- 
iary planes between the Woods and Marion faults. A short distance farther on it 
returns to the line of the Woods fault, but soon thereafter, beginning at the bridge 
near Amis Church, the St. Louis area again expands and this time reaches the 
Marion fault-plane. Northeast of the Clay Lick fault the St. Louis area is again 
restricted to the east side of the Woods fault, Rings Bluff, believed to consist of 
Cypress sandstone, being on the west side. North of the View-Salem road the 
Woods fault is soon lost in the Cypress sandstone hills lying east of the Marion fault. 

Two mines, the Woods and RUey, have been located on this fault. The main 
shaft of the former lies a short distance west, the latter just east, of Puckett Spring 
Branch. Several prospects occur southwest of the Woods mine, w^hile another, the 
Butler prospect, shown in two shallow shafts, occurs in the St. Louis limestone 
forming the east bluff of Clay Lick about a mile above Amis Church. 

Hodge fault and associated fractures {N. Ifi^ E.). — The Hodge fault runs nearly 
parallel with the Woods and Marion faults and about a mile south of the former. 
From a point about half a mile southwest of Whitehall Church, which it should 
pass a little to the north, the southwest ward course of the Hodge fault is easily 
recognized by the difference in the two limestone formations outcropping on opposite 
sides of the fault and in the soils and topography characterizing the respective 
formations. Rough, chert-covered St. Louis limestone hills occur on the northwest 
side, w^hile sharply opposed to these is the vaDey-forming Ste. Genevieve limestone. 
The throw is here on the south side and ranges in amount from 200 to 400 feet. 
Northeast of the point mentioned the throw is usually too little to effect the juxta- 
position of different formations. In the first 2 miles Ste. Genevieve limestone 
occurs on both sides, in consequence of which the fracture is very difficult to locate. 
Where the fault passes out of the valley and where one might expect to observe 
the effect of faulting in the outline of the limestone area the determination is again 
obscured by a small cross fault. Northeast of this cross fault, especially in the 
rocks of the Chester group, li to 3 miles southeast of Marion, abundant evidence 
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of faulting having the general trend of the Hodge fault was observed. This 
evidence was nowhere quite satisfactory, but, as the questions involved seemed 
not to be of immediate economic importance, it was not thought worth while to 
follow it up sufficiently to show its exact relation to the Hodge fault. At present 
it appears likely that northeast of Clements Valley this fault wiD be found split up 
into, or represented by, several subparallel fractiu'es in a broad zone of faulting. 

Probably the Hodge fault should be viewed as one of a group of long fractures 
comparable with the Memphis group. As a glance at the accompanying maps will 
show, the relations also of the Memphis group to the Columbia fault on the one 
side and the Stevens fault on the other are rather closely simulated by the relations 
of the Hodge group to the Crittenden and Marion faults. 

Two mines, the Hodge and Brown, and several promising fluorspar prospects 
are located on or near this fault. Some of the prospects in the vicinity of these 
mines are on parallel subsidiary fractures that lie entirely in St. Louis limestone, 
a hundred feet or more north of the Hodge fault. In the Lovelace and Dan Riley 
shafts, which are on one of these subsidiary fractures, one of the walls consists 
apparently of the oolitic Spergen limestone. Some prospecting has been done 
southeast of Marion in the Chester area above mentioned, on the supposition that 
it may contain an extension of the Hodge zone of fracturing. As usual in sand- 
stone areas far removed from outcrops of St. Louis and Ste. Genevieve limestones, 
the efforts of the prospectors have so far not met with encouragintr results. 

Crittenden fauU (iV. 56^ £'.).— More or less distinct faulting occurs in this zone 
from the Tradewater River to the Ohio at Smithland. Though j)r(>bal)]y not 
strictly a continuous fault plane, the line of faulting is nevertheless continuous 
and straight enough to make it appear so in mapping. For 7 nii]e> west of its 
intersection with the Tradewater fault it produces an abrupt division line between r 

the Mansfield sandstone on the south side and various members of the Biidsville 
formation on the north side. In the next 6 miles, which bring us to tlie eastern i 

extremity of Clements Valley, its course is mainly through Chester sandstones, the j 

throw being still on the south side. Though less sharply defined in this part, tiie jB 

evidences of faulting are yet quite plain on all the roads crossing the fauh. The J^H 
Birdsville formation and the throw remain on the south side to the point where ^^^^| 
the fault crosses Clay Lick and is itself crossed by the Puckett Rranch t'auh. On j^^^H 
the north side of this section of the fault there occur in succession, liist, the Sie. ^^^H 
Genevieve limestone of the Clements Vafiey; then the Ohara mcnilxi ol this lime- ^^^H 
stone, with remnants of Cypress sandstone capping it, in the vie inity ot tlie Tlodi: 
and Brown mines; and, finally, St. Louis limestone. Sout Invest u^ 
Branch fault to Pinckneyville, on the Cumberland River, tlic^ thnVvu 
side of the Crittenden fault, with the acutelv triangidar hiirh fiw 
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rocks, consisting chiefly of sandstone and already mentioned in the description of 
Woods fault, on this side, and chert hills underlain by St. Louis limestone on the 
south side. The throw of the fault north of the Cumberland River probably attains 
its maximum amount in this part, being something like 750 feet. Northeast of the 
Puckett Branch fault it varies from about 700 feet to probably less than 200 feet. 

On the south side of the Cumberland the Crittenden fault passes chiefly through 
St. Louis and Spergen limestones. It is clearly indicated at only two points, viz, 
just south of the river and about 2 miles west of Tiline by an outcrop of quartzite 
with an associated mining prospect, and again 1 to 2 miles west of Smithland, 
where it forms the southern boundary of a fault-bounded area of Mansfield sand- 
stone. At the last point the throw can not amount to much less than 1,400 feet. 
With the possible exception of the prospect near Tiline, nothing of value has been 
foimd in this fault plane. Whether this is due to lack of prospecting or to actual 
absence of mineral deposits is unknown. 

YandeU fault (iV. 40^ E.), — Though of considerable economic importance, this 
fault is, so far as known, less than half a mile in length. Possibly it extends north- 
eastward beyond the cross fracture on which the Matthews shaft has been sunk. In 
that case a slight deflection of the course might bring it into the Bibb group of 
fractures, observed a few miles northeast of the YandeU mine. At this mine the 
fault forms the western boundary of a small triangular block of Cypress sandstone. 
On the west side of this there is a narrow valley with outcrops of Ste. Genevieve 
limestone. The maximum throw of the fault probably does not exceed 50 feet. 

Bihb group of fractures {N. 56-60^ E,). — Two or three subparallel fractures 
near Cookseyville Church, about a mile northwest of Mexico, have occasioned more 
prospecting probably than they are worth. At the King prospects, which are 
located on the hill immediately behind the church, Birdsville shale and limestone, 
dipping strongly to the south, form the hanging or southern wall of one of the frac- 
tures. On the north side is a heavy-bedded sandstone, apparently of the Cypress 
formation. The Bibb and Davenport prospects are located a half mile southwest 
of the King prospects and are evidently on a different fracture. The relations of 
these fractures were not carefully determined, but it is believed that the latter 
fissure forms the northern boundary of the narrow strip of Cypress sandstone 
observed at the Eang prospects. 

Tahb iavlt (N, 7^ E.). — ^Though consisting of a number of planea arranged 
somewhat irregularly en Echelon, this fault in its central part is one of the sharpest 
and most easily recognized fractures in the district. For 4 miles eastward from 
Pinckneyville it passes through St. Louis rocks only, and in this part its course is 
most diflScult to locate. East of Mexico it is confined to Birdsville rocks, in which, 
as usual, the course of the planes, which, moreover, are wider apart here than 
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farther west, is readily determined only in exceptionally good exposures. From 
the Livingston fault westward to the Asbridge mine Birdsville rocks occur on the 
north and St. Louis limestone on the south side. West of the Asbridge mine the 
fault first forms the base of a small northerly projecting triangle of St. Louis, and 
beyond this to the intersection with the Puckett Branch fault divides low Cypress 
sandstone hills from the broad St. Louis area on the south side of the fault. The 
displacement of the fault is greatest in the vicinity of the Tabb mine, where it can 
not be less than 700 feet. 

Several good producers of fluorspar, notably the Tabb and Asbridge mines, 
besides a number of prospects, are located on one or another of the subparallel 
planes in the zone of faulting commonly referred to under the name Tabb fault. 
All of these mines and prospects, however, are confined to the 4 miles east of the 
Pogue mine. A number of holes have been dug on or near the fractures east of 
Mexico, but so far nothing of consequence has been found there. 

Faults bordering large sandstone hill west of Princeton (N. 53° and 57° E.). — 
Between the Fredonia Valley on the north and the Princeton Valley on the south- 
east there is a large body of rough, chert-covered country that extends westward 
from the central part of Caldwell to the Cumberland River. Included in and form- 
ing the northeast extremity of this hiUy area is an elongated block of Chester sand- 
stone, trending northeast and bounded on four sides by faults, with St. Louis and 
probably older rocks on the southwest, north, and northeast, and mostly Ste. 
Genevieve limestone on the southeast side. This block is skirted on the north hv 
the Princeton and Henderson branch of the Illinois Central Railroad and is ciossed 
about midway of its length by the old State road from Princeton to Fredonia. It 
has not been positively determined whether this sandstone is Cypress or Birdsville, 
but as some of the exposures contain more shale than is believed to occur in the 
former, the writer is strongly inclined to refer it to the Birdsville formation. Alon<: 
the borders of the block, especially in the northern third, the sandstone is lai^rely 
altered to quartzite. Locally it is also brecciated. 

Princeton fault {N. 67°-E.). — This fault limits the trian^rular eastern extremity 
of the St. Louis area, mentioned in the precedin*^ para<rra])h. on tlie south and 
separates it from the Ste. Genevieve Umestone and Cy|)rcss sandstone areas just 
north of Princeton. It is readily located for a distance of nearly 4 miles from a 
point near the middle of the east side of the sandstone block just (kx i ihed to Flinn< 
Fork, where it is either cut off entirely by the Bodard fault or continue^ down thi- 
stream with a greatly diminished throw. ^ 

Saratoga fault ( N. 44° E.). — This fracture extends from the \\ t -t(:i:]M;xti< init V 
of the Princeton fault, where it is show^n in the road at the foot of tlu flifea^^niu'l^t**!!! ■ 



hill, to Saratoga in the edge of Lyon Countv. The throw is niuNlV ij^M^Tfe ey-^tlu': 
maximum amount probably not exceeding 200 feet. It is on ilu ^i* ' *" -* 
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except opposite the northern half of the sandstone ridge, where a narrow triangle 
of St. Louis limestone is wedged in between this and the Princeton fault. On the 
ground the exact location of the fault is not easily determined, but here and there 
along the line the abrupt transition from Ste. Genevieve soils to the more cherty 
soils of the St. Louis limestone is plainly indicated. No outcrops of the rocks 
themselves showing faulting were observed. 

Two small faults south of Pririceton (N, 30° and SJf" E.), — Two short northeast 
faults form the east and west boundaries of a rhomboidal block of Ste. Genevieve 
Umestone situated about 2 miles directly south of Princeton. This block is Umited 
on the north by the Eddy Creek fault, on the south by the most western of the 
planes included in the McGowan zone of faulting. The displacement effected by 
these two northeast faults probably does not exceed 200 feet for the one on the 

N 

west side, but can not be less than 300 feet for the one on the east side. The latter 
has brought undoubted Birdsville shaly sandstone down to the level of the top 
of the Ste. Genevieve limestone. In both cases the throw is on the east side. 

Friendship fault {N, 54° E.). — The course of this fault is occasionally distin- 
guishable in the Birdsville area between Friendship and Curry, but where it is not 
indicated by structural features it requires considerable knowledge of the succession 
of beds embraced in the Birdsville formation to recognize the fact that faulting 
has occurred. Beypnd the point where it crosses the McGowan fault the course of 
the southwest fracture becomes more readily apparent. It is best defined about a 
mile east of Otter Pond, where for a short distance Birdsville shale and sandstone 
on the north side of the fault Ue in juxtaposition with Ste. Genevieve limestone. 

EAST-WEST FAULTS. 

Fredonia fault {N. 98° E,). — ^This fault consists of a number of planes arranged 
mostly en Echelon, the course of the individual planes being as a rule more nearly 
due east than the average trend of the whole series. For nearly 4 miles eastward 
from Livingston Creek the fault, with one or another of its planes, causes a sharp 
division between the rocks of the Birdsville formation on the north and the valley 
forming Ste. Genevieve Umestone on the south. In the next 3 miles eastward 
along this fault, to its intersection with the Dollarson zone of faulting, Cypress sand- 
stone instead of the limestone is opposed to the Birdsville formation, which Ues on 
the north side of the line. Over a considerable part of these 3 miles the course of 
the fault is marked by more or less rectilinear, generally sheeted, and often brecciated 
masses of quartzite. A good example of such quartzite may be seen on the hillside 
where the east road from Fredonia leaves the valley. It has not been determined 
whether the Fredonia fault continues eastward beyond the intersection with the 
Dollarson faults. If it does then the displacement has been so greatly reduced that 
it can no longer be followed with certainty. 
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Practically no prospecting has been done on this fault. At a few points the 
quartzite, which often lines the fault plane and is generally regarded as a favorable 
indication for prospecting, contains fluorspar in small amounts. 

Lowery and Marble fissures, — ^These are fractures in the Ste. Genevieve lime- 
stone and Cypress sandstone, trending nearly due east at distances south of the 
Fredonia fault varying from a few hundred yards to nearly a mile. Two similar 
fissures occur within the next mile and a half south of the Marble vein. These 
fractures are accompanied by very sUght faulting and, judging from the information 
now available concerning them, are to be explained as adjustment planes formed 
subsequent to the major faulting of the district. They seem further to have resulted 
from obUquely opposed lateral movements, and are probably similar in origin to 
the Memphis and Hodge group of fractures. In each of these cases fractures of 
minor displacement occur in a space bounded by diverging faults of major throw. 
In each case again they are more nearly parallel with one of the major faults than 
with the other. It is a curious and perhaps significant fact that the minor fractures 
are geographically farther from the main fault with which they are parallel than 
from the other boundary of the space containing them. Another fact is that in 
at least two of the cases, the Lowery-Marble group and the Memphis group, the 
minor fractures are nearer that one of the two main faults that produced the greater 
displacement. From facts like these we may argue that the. original movements 
here were of local elevation and resulted in diverging fractures, while the subse(|uent 
adjustment movements tended to break the triangular blocks into parallelograms. 

Matthews fault (about N. 90° E.). — ^The exact course of this rather unimportant 
fault is still somewhat in question, but it can not vary many degrees from due east 
and west. It may represent a westward extension of one of the Fredonia fault 
planes, but it will be almost impossible to establish the connection across the St. '^r 

Louis area intervening between the Asbridge mine and the most western point at n 

which the Fredonia faults were observed. 

Beginning on the line of the Tabb fault, apparently very near the Asbridge 
nune, the Matthews fault extends west to Clay Lick, a distance of ti mil(\^. On 
the north side lies the southern extremity of the large Birdsville area that stretchc s 
far eastward between the Crittenden and Tabb faults. On tlu* south side Cypress 
sandstone capping Ste. Genevieve limestone occurs in the 2 miles or more west 
of the Matthews shaft, while east of this shaft a small triangular l)lo(k of St. Louis, 
recognized solely by its chert, is wedged in between the Birdsvilh* locks on the 
north and another triangle of Cypress sandstone on the southwest >rh(» latter 



is limited on the south by the Tabb fault and on the west hv the ^ ;ni<l( lii\:( in., . 

Clay Lick fault (about N. 87° E.). — This is another of 1 1 k > n nji m iif, ; j/ ^-^- •'^ i^ i ^ I ^ ^^ 
faults that are known to exist, but that could not be aeeurateh ivImS^'"* 
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time allotted to work in the field. The part east of the Marion fault is based on ob- 
servations, and may be accepted as apparently correct. The portion extending 
westward from that fault toward the Evening Star mine, however, is based upon a 
theoretic solution of the occurrence of nearly horizontal beds of the Birdsville forma- 
tion in the northern part and of Cypress sandstone in the southern part of the area 
lying between Amis Church and the Evening Star fault. 

STcinframe fauU (N. 90® E.). — Beginning at the line of the Bodard fault, 200 
or 300 yards northwest of the point where that fault crosses Flinns Fork, the Skin- 
frame fault extends due west to the edge of Lyon Coimty, in which, perhaps, it can 
not be traced with certainty. The middle part of this course lies in the valley of 
Skinframe Creek. For over 4 miles westward from the Bodard fault the course of 
the fault is sharply defined between the Cypress sandstone on the north and the 
more or less cherty St. Louis and probably older limestones on the south side. In 
the remainder of the distance to the coimty line erosion has removed the Cypress 
sandstone and brought to the surface the underlying Ste. Genevieve limestone 
that forms the floor of the Fredonia Valley. Although limestones now occur on 
both sides of the fault, the latter is still easily located by the topography and other 
superficial characteristics that distinguish the two formations. As a rule the 
valley ceases abruptly at the base of the chert-covered hills that bound the fault 
on the south side. 

The line of the Skinframe fault continues across Lyon and Livingston counties, 
strikes very near an east-west fault that passes a short distance north of Livingston 
Chapel, and separates a Birdsville area on the north from a Spergen limestone area 
on the south of the fault. Although evidences of faulting were observed along the 
projected line, as, for instance, at a point about 1 mile south of Dycusburg, it seems 
improbable that the Livingston Chapel fault can be a direct continuation of the 
Skinframe fault. Whether a fact or not, it will prove a very difficult task to connect 
them across the intervening 16 miles of almost imiformly chert-covered country. 

Eddy Creek fauU (N. 78° E.). — ^This fault adheres, with little variation, to the 
average direction given from the Caldwell-Lyon coimty line near Saratoga eastward 
to Scottsburg. Beyond this point, chiefly because of the greater difficulties expe- 
rienced in discriminating between different parts of the formations passed through, 
it is not so easily located. Also, in the western third of the length indicated on the 
general map, the course of the fault may often seem obscure. Outcrops of bedded 
rocks are comparatively rare here, but as a rule the observer should not find it 
unusually difficult to distinguish the soil derived from the Ste. Grenevieve limestone 
on the north side of the fault from that of the St. Louis limestone on the south side. 
The fault is more readily located in the part extending a little over 2 miles west 
from Scottsburg, in which the Ste. Genevieve limestone on the north is opposed to 
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more or less shaly sandstone of the Birdsville formation on the south side. East 
of Scottsbur^ the location of the fault is further complicated by numerous cross 
faults. Except in a small aiea shown in Lambs cut, where the Tribune limestone 
comes to the surface on the south side of the fault, and another short stretch south- 
east of Claxton, where a remnant of Mansfield sandstone occurs on the north side, 
all the exposures on either side of this part of the fault faU within the limits of the 
Birdsville formation. 

A single. prospect has been located on this fault. Several shafts have been 
sunk on a vein of fluorspar and barite discovered near Eddy Creek on the Satterfield 
farm, a little over 3 miles south-southwest of Princeton. In these shafts the 
Fredonia member of the Ste. Genevieve limestone forms the north walls, but the 
south wall appears to be of St. Louis limestone. Therefore the vein is believed 
to be in the fault plane itself, and not in a subsidiary fracture. 

McGowan fault (N. 96° E.). — Immediately south of McGowan station a fault 
crosses the railroad. Faulting shows then along the bluff of a sandstone ridge 
to a point about a mile west of the station, where the ridge is cut off by a northeast 
fault. In the slope of the ridge there is a narrow wedge of Ste. Genevieve limestone; 
and south of this the fields contain undoubted St. Louis chert. East of McGowan 
the fault is indicated at intervals for 2 miles between Cypress sandstone hills on 
the south and lower hills made up of Birdsville rocks on the north. After an interval 
of about 2 miles, in which Birdsville rocks seem to occur on both sides of the projected 
line, faulting was again observed in the branch just south of Frieiulshi]). The 
strike of the fault appears to be nearly the same as at McGowan, and here, as there, 
massive Cypress sandstone occurs on the south side of the fault. Thoutjh the* fault 
was not traced over ahalf mile beyond Friendship, it is known that Cypress sandstone 
continues along the Hopkinsville road to the county line, where a ('onsi(lerai)Ie ^'-\ 

outcrop of Tribune limestone sets in. A mile or so north of this outcrop Birdsville 
rocks, referred to a position well up in this formation, were observed. On account 
of these facts it is believed that the McGowan fault extends eastward at least to 
the county line. 

An outcrop of gravel fluorspar lies several hundred yards south of the cross- 
roads at Friendship. Masses of slightly silicified Cypress sandstone occur just 
south of the fluorspar, while the nearest outcrop of bedded locks to tlic north i 
of Birdsville shale and sandstone. Some prospect in ^^ has l)ccn done west of 
McGowan, but the shafts, which were sunk on mere seams of calcite in Stcv Genevieve 
limestone, have not shown anything of value. 
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NOBTHWESIVSOUTHEAST FAULTS. 

Tradewater fault (N, 66° W.). — This fault extends nearly or quite across the 
northeastern part of Crittenden County. It is obscure and perhaps does not extend 
west of the point where the Stevens fault would strike it. However, there is rea- 
son to believe that the zone continues ipto Illinois with a parallel line passing 
close to Weston. Southeast of the Crittenden fault it is also difficult to recog- 
nize, but this obscurity may be due to the more uniform Uthologic character of 
the Pennsylvanian rocks here displaced rather than to absence. Between the 
Stevens and Crittenden faults, however, the Tradewater fault is readily located 
by the rectilinear boundary between the downthrown Mansfield sandstone on 
the northeast side and various beds of the Birdsville formation on the southeast. 
Where the railroad crosses the fault, upper beds of the Birdsville occur north of 
the fault, but soon pass out of sight beneath the Mansfield. Possibly Birdsville 
rocks are similarly exposed in the valleys of Pigeonroost and Piney creeks. These 
two streams were not visited recently, but as the notes on the writer's earlier work 
in the district mention Chester rocks on the Mansfield side of the fault only at the 
railroad, it is assumed that farther east the throw is sufficient to keep the top of 
the Birdsville beneath the beds of the streams. 

Bodard fauU (iV. 64° W.). — The Bodard fault and vein is named for the old 
French settler on whose land the vein was first discovered. These prospects, 
one of which is now known as the Senator mine, are located near the northwest 
end of the Bodard fault line and within a mile of the point where it is believed 
to join one of the planes of the DoUarson zone of faulting. From the Senator 
mine the fault has been traced eastward to Flinns Fork, and in this stretch it 
maintains an average course of E. 26° S. On projecting this course across the 
map to the county line, it was found to connect several points on roads leading 
east from Princeton at which faulting having approximately the same trend had 
been observed by the writer in 1889 and 1890. 

West, and also at points about 2 and 4 miles east, of Flinns Fork, Birdsville 
rocks, representing horizons from about the middle to near the top of the forma- 
tion, occur on the north side of the Bodard fault. The rocks on the south side are 
in part still undetermined. This is true more especially of the stretch between 
Flinns Fork and the junction with the Dollarson fault. At. the Senator mine the 
south waD consists of a Umestone that is either Tribune or Ste. Genevieve. If the 
former, then most of the stretch should probably be mapped as lower Birdsville. 
If the latter, then it should be Cypress sandstone instead of Birdsville. In the 
former case the most southerly of the Dollarson fault planes may continue to the 
Skinframe fault, and may perhaps account for most of the displacement between 
the Cypress sandstone on the southwest of it and the upper Birdsville on the north 
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of the Bodard fault. In the latter case the top of the Ste. Genevieve limestone 
in the undetermined triangle between the converging Bodard and Dollarson faults 
would be slightly higher than in the similar areas on the southwest side of the 
Dollarson fault, while the throw occasioned by the faulting in this region would 
be entirely on the north side of the Bodard fault. Though the latter view is the 
one favored by the writer, it has been decided to map the area in question as undif- 
ferentiated Chester. The region just north of the Senator mine is likewise mapped 
as undetermined, because Cypress sandstone and Tribune limestone are believed 
to outcrop on Canadas Run. 

Dollarson faults. — ^A strip of Chester sandstone country, 1 to 2 miles in width, 
extending from the headw^aters of Flinns Fork, in Caldwell Coimty, in a north- 
westerly direction past Ruth and Enon into Crittenden County, presents appar- 
ently a number of fault planes that were not definitely located. Between Canadas 
Run and Farmersville the outcrops are of unquestionable Birdsville rocks. South 
of that stream, however, there are practicaDy horizontal sandstones that greatly 
resemble the Cypress formation. Just east of the Stone and Dodds shafts of the 
Union Central Mining Company the same sandstone is found, while a mile farther 
east the outcrops are of the Birdsville formation. West of Enon, again, the Mans- 
field sandstone gives way abruptly to Birdsville rocks, w^hile farther north, in 
the vicinity of Piney Church, small faults having the same general direction were 
observed. In none of these cases can the areal distribution of the beds be accounted 
for by either dip of strata or difference in altitude, so that faulting must be assumed. 
As the strip in question is drained by the head branches of Dollarson Creek, the 
fractures may be provisionally called the Dollarson faults. 

The line represented on the accompanying maps under this name joins the 
most western points at which faulting of this zone was observed. It is ver}- doubt- f 

ful, however, whether all these points are on a single plane, since at most of them 'i 

the apparent strike of the faulting is more nearl}- westward than N. 52° \V., whieh 
is the course of the line as draw^n. The faulting noticed near the mouth of Canada 
Run likewise seems to trend more nearly westward, being nearly parallel with 
the Bodard fault. Probably the zone contains a series of overlapping: ])lan(»s lik 
those shown in the Tabb zone of faults. It may prove also that the Dollarson 
faults extend well into and perhaps through Crittenden County. Certain it i 
that some yet unknown northwest faults in this county are necessary to explain 
the observed distribution of particular beds in the undifTen^itiatcMl Chester an^a 

Prospecting has been carried on to a limited extent in this zon(\ hut. so fai 
without success. None of the prospect holes seen bv the writer w('n,jffOh( nhuir>\^i 
of the fractures, but several afforded small specks of galena and sjv|M^ ' 
sibly indicating larger deposits in the near-by fissures. 
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Livingston Creek favU {about N. 22^ W.). — Of this fault only the part lying 
in Crittehden and Caldwell counties has been observed. Even this part was not 
very accurately located, though the course as mapped is doubtless not far wrong. 
St. Louis limestone occurs on the west side. Except about a mile of country that 
lies between the^ Tabb and Fredonia faults, and that contains rocks of the Birds- 
ville formation, the surface just across the fault plane exposes, so far as known, 
only Ste. Genevieve limestone. 

Hurricane fault (N. 13° W.). — With approximately the course given, this 
fault follows the vaUey of Hurricane Creek across the Mansfield sandstone area 
included between the Columbia and Larue faults. West of the Hurricane fault 
the base of this sandstone occurs well up in the high hills opposite the Crittenden 
Springs Hotel. East of the fault its base lies some distance beneath the level of 
the creek. North of the Larue fault the creek flows through one of the large areas 
of St. Louis limestone, in which, on account of the rarity of outcrops and the great 
depth of the residual clays, it is always diflScult to trace a fault. However, at two 
points on this part of the creek, one at the edge of the Ohio River bottom, opposite 
Cave in Rock, the other nearly 3 miles farther up the creek, vein matter, indica- 
ting fracturing if not much faulting, was observed fifteen years ago by the writer. 
Projected northward the line of the Hurricane fault passes either through or very 
near these points. 

Tolu fault (about N. S(f TT.). — Very little is known about this fault. Some 
indications of faulting were noticed near the mouth of Caney Fork. The approxi- 
mate course given was obtained by bringing this point in line with another on 
the Marion road, about 1^ miles southeast of Tolu, where a small and quite isolated 
outcrop of Chester sandstone was accepted as unquestionable evidence of faulting. 
This sandstone doubtless indicates still another fault in this region, in this case 
one trending probably northeastward, since it could not very well have been 
dropped into an otherwise St. Louis area without being bounded on at least two 
sides by fault planes. Unfortunately satisfactory outcrops of bedded rocks are 
so rare in the valleys of Caney Fork and Hurricane Creek that neither of the faults 
could be definitely located. Possibly the faults cross the Ohio, in which case more 
satisfactory data might be secured on the north side of the river. 

HoUy faults ( iV. 27° TT.). — Two fault planes, including between them a nar- 
row strip of Ste. Genevieve limestone, are referred to under this name. Both planes 
show mineraUzed outcrops on the old HoDy farm, and the various shafts and open 
cuts on them are coDectively known as the Holly mines. The Ste. Genevieve 
limestone strip is Umited on the west side by upper BirdsviDe rocks, on the east by 
St. Louis Umestone. At some unknown but probably considerable depth, it is 
believed the two Holly planes will converge and form one. 

10696— No. 36-05 7 



98 LEAD, ZINC, AND FLUOB8PAR DEPOSITS OF WESTEMT KENTUCKY. 

According to the evidence now available at least one of the Holly planes, and 
with it the Ste. Genevieve limestone^ is cut off on the north by the Flanary dike and 
fault. The other seems to form the southwest boundary of the small block of 
Mansfield sandstone just north of the dike. No attempt was made to trace either 
plane in the St, Louis area beyond the Miller fault. 

It is not positively kno^^Ti that either of the Holly faults extends southward 
across the Chester area between the Larue and Columbia faults, though they are 
provisionally mapped as so extending. Some faulting is required to explain the 
partial and locally complete absence of Tribune Umestone between the exposures of 
the Cypress and Birdsville formations in this area, and the Holly fault is the only 
fracture now known whose extension will serve the purpose. 

Puckett Branch fault {about N. 30° W.). — This fault is necessary to explain the 
occurrence of horizontal St. Louis limestone on the east and upper Chester forma- 
tions on the west side of Puckett Branch south of the Woods fault, and the same 
formations in reversed relations north of that fault in the narrow strip between 
the Woods and Marion faults. South of the Crittenden fault a continuation of the 
Puckett Branch fault is indicated by the abnormal juxtaposition of Cjpress sand- 
stone and upper Ste. Genevieve limestone on one side and St. Louis limestone on 
the other. A prospect has been located, apparently on this continuation, about a 
half mile southeast of the mouth of Puckett Branch. 

Deer Creek favlts (N, 12° W.). — This fault follows the general course of Deer 
Creek from the head of its west branch, 2 or 3 miles southeast of Lola, to the Ohio 
River bottom, where the creek bends sharply west toward Carrsvillc. Through 
nearly the whole of this distance St. Louis limestone lies on the east side of the fault 
and Ste. Genevieve Umestone on the west side. The throw, which is on the west 
side, is comparatively uniform, the minimum and maxinnini amounts i)ei]ig. re>pee- 
tively, about 200 feet and 350 or possibly 400 feet. 

The fault extends northward across the Ohio and continues to divide St. 
Louis limestone from Ste. Genevieve limestone exposures as far north at lea>t a 
the bridge over Big- Creek, 2 miles northwest of Elizal)ethtown. 

Generally a little less than \\ miles west of the Deer Creek fault there is another 
that is nearly parallel with it and has mostly Birdsville rocks west of it and either 
Ste., Genevieve limestone or the overlying Cypress sandstone on the east side. 
This second fault, which is complicated north of Lola by the dcvclopnu nt of cr 
faults and of parallel accessory fractures, can not be j)ro])erly j)lottcd and descrihcd 
without further field work. 

As it looks at present these Deer Creek faults belong to n scriis of jixc or si\;, 
faults that traverse the northern part of Livingston County in a ><>'Jtlu^J^.(lirc(ti<>!!^^ 
and together constitute a good example of step faulting. Be^inni]iL:'J\iij-hSj li^ iVci.Jj 
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Creek fault and ending with the last fracture mapped in the northwestern part of 
the county, the St. Louis limestone is dropped from 150 to 350 feet lower with each 
of the successive faults. 

Other small and generally unimportant faults. — The general map shows, besides 
those considered on the preceding pages, a number of apparently unimportant 
faults. These have various directions, but in the majority the trend is nearly 
north and south. Most of the latter occur in Caldwell County, crossing the Illinois 
Central Railroad between Scottsburg and Claxton. The one passing through the 
western edge of Scottsburg, after crossing to the north of the Eddy Creek fault, causes 
a throw to the east of several hundred feet. A similar throw is indicated also for 
the southern part of the fault a mile or more east of Scottsburg. The short faults 
west of Claxton are step faults, with strong westerly dips, weD shown in cuts along 
the railroad. 

Of remaining Crittenden County fractures, aside from the dikes, only one 
deserves mention. This is the Eaton fissure, near Levias, on which several promis- 
ing fluorspar mines and prospects have been located. The fracture is accompanied 
by very little faulting in the Ste. Genevieve limestone area north of the Stevens 
fault, but the displacement seems to be greater south of that fault. 

FOLDING. 

Very Uttle folding occurs in this district. Where any has been observed it 
could always be explained as due either to mere drag or to other adjustments inci- 
dent to faulting. GeneraDy the strata along the borders of the downthrown blocks 
are strongly bent upward — that is, they dip away from the fault-planes — while the 
opposite is the case on the other side of the planes. In a few instances also a slight 
"budding" of the strata was observed in the zones immediately beyond the dragged 
edges. This buckled zone usually varied in width from about 50 to 200 feet, its 
width, and apparently its presence at all, depending upon the character of the beds 
involved, being narrowest, and the buckle at the same time most pronounced, where 
the strata were thinnest. 

DIKES. 

Igneous rocks, occurring in vertical dikes and horizontal sheets, are, so far as 
known, confined to Crittenden County on the south side of the Ohio River and to 
Pope and Hardin counties on the Illinois side. The material forming these igneous 
intrusives consists generally, if not always, of the dark-colored, holocrystalline 
variety of peridotite to which J. S. Diller^' has applied the special designation mica- 
peridotite. Most of the dikes have a northwest trend. The fractures containing 
them, which range from 2 to 25 feet in width, appear to be very nearly straight and 

" Am. Jour. Scl., vol. 44, 3d ser., 1892, p. 288. 
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probably have great length. They do not, however, form contmuous vertical 
planes or fissures through all parts of the stratified crust, continuity of the fractures 
apparently being possible only in the heavier limestone formations. When forma- 
tions containing considerable beds of shale were encountered the fractures seem not 
as a rule to have passed through them, the intruded igneous matter in these cases 
being forced to spread laterally between the bedding planes of the stratified rocks. 

For the reason just stated, it is not beUeved that the dikes can generally be 
traced by continuous outcrop across areas of Birdsville rocks. If they did pass 
through the variable rocks of this formation as commonly as through the Ste. 
Genevieve and St. Louis limestones their outcrop should be discovered more readily 
and frequently in the sandstone and shale areas of the Birdsville than where the 
large limestone formations are at the surface. The reason for this is that the Birds- 
ville rocks usually occupy high ground and are covered by shallower soUs. But 
field experience in discovering outcrops of dikes shows that the opposite is true. 
So far in Crittenden County only one dike, the Walker, is known to outcrop in Birds- 
ville rocks, all the other discoveries of dikes, except the one in St. Louis limestone 
near Caldwell Spring Church, being in Ste. Genevieve limestone areas. Even in 
limestone regions conditions may be so unfavorable that the chances for finding 
dikes are very small. In the St. Louis limestone areas, for instance, the task of 
discovering new dikes, or of tracing by surficial indications those ahoady known, is 
rendered almost hopeless by the extraordinary depth to whicli this limestone is 
decomposed and the equal readiness with which the peridotite turns to soil. 

Most of the outcrops of dikes so far discovered occur in or adjacent to stre«ni 
beds. In these the dike rock may be soKd to the surfac(». But when it is uncov- 
ered on a more level and older surface the decomposed peridotite may be extra( ted 
without the use of explosives to a depth of from 20 to 40 fec^t. In those cases the 
soil immediately over the dike may be distinguished from that on either side by 
its slightly different color and smoother feel. A few f(^et down these diflVivnces 
quickly become more pronounced. The dike matter now is trianular and coininonly 
of a light-grayish color, to which a faint greenish tin<^e is often added. P"rc(jH(Mitly 
it reminds of wood ashes. With increasing depth the color jj^rows <]:iadually darkt^- 
and the mass more sohd, until, finally, it passes into the haid and tou^h and dark 
greenish-gray to black rock described by Mr. Diller. As a rule the iinal transition 
is more abrupt than those preceding it. Although harder than any of the bedded 
rocks in the district, the peridotite is probably still harder at p'eatcM' depth, since 
none of the rock yet seen is entirely fresh. 

The intrusion of these dikes and sheets of ijrneous matter nrochici d^imlvn n \ 
slight metamorphism of the inclosing rocks. Where the lattei* (orv-^^t^yijiiJ/^jMni , 
Umestone the contact was locally altered to a white niarhle. Tlii> 
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however, is very narrow, rarely extending more than a few inches from the surface 
of the dike. The shales and sandstones as a rule exhibit no appreciable effects, 
but in one case they were darkened for a distance of from 6 to 9 inches from the 
contact. In another case that is probably to be attributed to a near-by dike a layer 
of fine-grained sandstone 6 to 8 inches thick, included in thinner bedded, shaly 
sandstone, was neatly divided into five- and six-sided vertical columns, varying in 
diameter from 1 to 3 inches. 

As already stated, the dikes were probably formed prior to the extensive fault- 
ing of the region. This conclusion is accepted for two reasons. The first is that 
when a strong fault has been observed to cross one of the dikes or sills the latter is 
cut through or oflF. Unfortunately there are few opportunities for observation 
along this line, but only a single unquestionable occurrence of this condition — as, for 
instance, the sill in Downey's Bluff — suffices, in connection with the second reason, 
to impart high plausibility to the view. The second reason is that if the region 
had been faulted prior to the formation of the dikes the igneous matter would have 
been injected between the already existing fault planes instead of breaking new 
paths for itself. Even if new fissures were necessary .to reUeve the subterranean 
accumulation, it is inconceivable that the greater part of the flow was not through 
fissures already at hand. As a matter of fact, however, no igneous rock of any 
sort has yet been found in any of the hundreds of openings on the mineralized faults. 
The only possible exception known to this statement is the Flanary dike, which, 
as originally mapped by the writer, appears to have a northeast instead of a north- 
west trend, the latter being the course of all the other dikes. Whatever its direc- 
tion, the Flanary is not known to occupy a previously existing fault plane, and 
even if it should prove to do so it may still represent a later flow than the northwest 
dikes. 

Flanary dike. — A shaft sunk between forty and fifty years ago on an outcrop 
of this dike located about 1 mile southwest of Sheridan was long known as the 
" Flanary silver mine." Recognizing the igneous character of the weathered rock 
on the dump of the old shaft, the writer engaged men to cross-cut from the bottom 
of the shaft. The object of this work was twofold — first to procure the fresher 
material that was subsequently sent for determination and description to Mr. J. S. 
Diller, and, second, to obtain more definite data concerning the width and trend 
of the dike. The latter object was not entirely satisfied, but enough was learned 
to prove a width of 15 feet or more. The direction given to the dike on the map 
published in the Crittenden Press in 1890 was determined as much by the location 
of the shaft with respect to a point near Sheridan, where fragments of similar igneous 
rock were found, as by the observations in the immediate vicinity of the shaft. 
Although the writer was afterwards inclined to doubt that the Flanary dike trends 
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northeastward, recent developments in the vicinity of the old shaft have induced 
Mr. F. Julius Fohs to declare positively that it strikes as originally mapped by the 
writer, i. e., N. 48'' E. 

The Flanary dike therefore appears to diflFer in its strike from all the other 
well-known dikes in the district, the course of the others being northwest instead 
of northeast, and varying but a few degrees either way from N. 33° W. Another 
point in which it seems to differ from the others is found in the reported occurrence 
of a fluorspar vein ** just northwest of the dike/' Possibly this fluorite occurs in 
a northerly continuation of the Holly vein, which is believed to have either crossed 
or been crossed by the dike. However, after admitting that the course is as orig- 
inally mapped, the most important peculiarity of the Flanary dike is that it is 
associated with a fault of great displacement. As estimated by the writer, the 
throw of the block of Mansfield sandstone on the north of the dike can not be less 
than 1,000 feet. The faulting accompanying the other dikes is almost nothing 
when compared with tliis great throw. 

As usual in this district, the intrusion of even this the largest of the dikes has 
produced only a very limited amount of metamorphism of the walls. The chant::e 
in the walls where they consist of shale and sandstone or of slialy limestone is 
scarcely notable, but where the limestone is nearly pure it is, at least locally, altered 
for a few inches to a white marble. Sometimes the marble has a distinct greenish 
tinge. 

Hard dike. — This dike is known from a single exposure on the Hard farm. 2 
miles northwest of Marion. Here, in the bank of a branch of (rooked Creek a 
fissure, 4 to 5 feet wide, in the Ohara member of the Ste. (lenevieve limestone is 
filled with mica-peridotite. As near as can be determined from the limited expos- 
ure the course of the dike is about N. 34° W. The limest,one walls are not 
appreciably or only very slightly metamorphosed at the eontaet with the dike. 

Walker dike. — This dike joins the Old Jim dike at some point between tlie 
mine and the sink-hole pond a fourth of a mile south of the mine. Just n<Mth of 
the pond both dikes are distinguishable, but are close toizether and exhihit indieji- 
tions of transverse connections. On the south side of the jxmhI they are fariluM- 
apart, the rate of divergence thence being about 3°. On follow ini: the trend of the 
dike southeastward it is next seen in an old shaft on the Dehoe place, nearly a 
fourth of a mile from the pond. South of the Marion and Salem road it i^ airain 
seen in the Walker shaft and in the bed of a small stream ahout liH) ynid^ hevinid 
the shaft. Finally, it outcrops on the south side of the Marion-X lew lo.id jiwt 
south of the home of Greene Jacobs. When these five ont(roi)s are < oiinrrted on 
the map the result is an almost perfectly straight line trendini: alxmt Xi§^;'' > 
The average tliickness of the dike seems to l)e ahont 7 feet. 
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Old Jim dike, — This dike is well shown in the Old Jim mine, where it separates 
the zinc ores which have replaced the Ste. Genevieve limestone that originally 
formed the walls of the dike. North of the mine the dike is shown in the " pyrite 
shaft/* and farther on it outcrops in a small tributary of Hurricane Creek. South 
of the mine it is shown in a number of prospect holes and cuts, the last being near 
the crossing of the Stevens fault. The average trend as shown in these exposures 
is about N. 33^-34*^ W. 

As the Old Jim dike has not been detected south of the Stevens fault it seems 
probable that its fissure is, in part at least, limited to the limestones underlying 
the less brittle sandstones and shales of the Chester group. The latter failing to 
break cleanly must have made room for the intruded peridotite between the bedding 
planes." Such horizontal sheets are very well shown in gullies on Ace Belt's place, 
situated on the north side of Clay Lick, about 3i miles southwest of Marion. The 
locality is about midway between the two points where the Walker and Old Jim 
dikes should cross the creek. A clean exposure afforded the following section of 
rocks of the Birdsville formation with two peridotite sills. 

Section on Clay lAckf Si miles aouthwegt o{ Marion showing siUs oj mica-peridotiie. 

Soil and loose sand rock at top. Ft. in. 

Fine-grained, thin-bedded, argillaceous sandstone not appreciably metamorphosed 6 

Decomposed mica-peridotite 1 4 

Shaly sandstone, apparently unaltered 9 

Mica-peridotite, Ic^ decomposed than sheet above, with a few inches of dark-red clay at top 5 

Slaty sandstone, normally grayish-blue, upper 9 inches blackened 2 

Carden dike, — Judging from two outcrops, one on the Carden place near the 
head of the little stream about a mile north of View, the other about two-thirds of 
a mile northwest of the first, the course of this dike is about N. 30° W. The width 
of the dike is only about 2 feet, but the character of the material filling the fissure 
is practically the same as in the other dikes in Crittenden County. The Ste. Gene- 
vieve Umestone forming the walls of the dike at the first outcrop is not appreciably 
metamorphosed . 

View dike, — This dike crosses the Salem road a short distance west of the 
post-office at View. In the field on the north side of the road, W. L. Lowery sank 
a shaft, nearly 50 feet in depth, in the decomposed peridotite. Having an unques- 
tionable dike and the same kind of wall rocks as at the Old Jim^ mine, the miners 
felt confident of striking a body of zinc ore, but, so far as known, not a sign of 
either carbonate or blende was discovered. Both in the road and in the shaft the 
dike is at least 12 feet thick. The trend between the two points is very nearly 

o Since the above was written the writer has received from Mr. F. Julius Fohs notes on and specimens of a sill in 
Birdsville rocks passed through by a prospect shaft near Glendale Church. Both the Old Jim and the Flanary dike strike 
toward this church and the sill encountered in the shaft may be connected with either one of these dikes. 
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N. 30° W. Plotting this course on the map, it was found to strike directly for an 
outcrop of mica-peridotite about 1 mile southeast of Levias. The latter having 
previously been determined as trending toward View, it was assumed that the two 
outcrops were on the same dike. 

Caldwell Spring dike, — This dike is known only from an outcrop on the east 
side of Caldwell Spring Branch, a short distance south of the church. It is evi- 
dently a large dike, but the exposure, when visited, gave no clue as to its course. 

Notes on samples of dike rocks, — The following notes on samples of the peridotite 
from some of the dikes of the Kentucky-Illinois fluorite district are by Doctor Smith: 

*'The rock from the Flanary dike is dark greenish gray and moderately fine 
grained. As seen with a lens, it consists mainly of abundant small or minute, 
dull, blackish grains in a pale to moderately dark-greenish matrix. The rock 
contains a considerable though variable amount of a dark mica with silver}^ luster, 
which occurs in scattered minute flakes, and also in larger, ragged, poecilitic flakes 
having a maximum noted diameter of about 4.5 mm. The rock contains occa- 
sional threads and narrow seams of some carbonate, probably mainly calcite. 

*' This rock has been fully described by Mr. Diller," who proposes for it the name 
mica-peridotite. 

** One slide of this rock, more altered than usual, contains among its secondary 
products pyrrhotite, considerable titanite, and a good deal of chlorite. 

*'The rocks from the other dikes are also mica-peridotite, similar in general 
character to that from the Flanary dike, though some differ from this, to some 
extent, in structure and the relative proportions of the different minerals. Most 
of the specimens collected are very much weathered, the Golconda rock l)ein<r the 
freshest of them all. In this, not only is there considerable olivine only partially 
altered to serpentine, but also a good deal of a nearly colorless auirite. which is 
one of the essential constituents of the rock. This mineral probably occurred 
originally in all the dikes, though this is the only one in which either auirite or 
olivine was found. 

*'Macroscopically the rock from the different dikes scarcely varies moic than 
different samples from any one dike. It is always dark <:re(Miish gray, >onietiincs 
approaching black. It sometimes contains minute, dark-reddish trjains of imn 
oxide, due to the alteration of magnetite or other contained iron ore>. While the 
biotite occurs in some of the dikes in broad, po'cilitic Hakes, in others the Ihike 
are minute, and though common are not abundant. This is the case with the Hard 
dike and the View dike. At the Old Jim mine, mica was noted in small Hakes in 
the peridotite, though at the Pyrite shaft, on the same dike, it i> found in cnar>ei 
form. 

*' Under the microscope the rock always shows considerahle altei.-nion. (»ven 
that from Golconda. When first altered it contains ahundant serpentine .mikI littN 
carbonates. On further alteration carbonates develoi), and some of tli( ^ix < ini( n^ 
are very largely composed of these, probably mainly calcite. thouLdi tlii^^]ojHg;r^^^^^^^^^^^^^ 
associated with more or less magnesian carbonates. In one o\' ^\^^:-'^^]^^^i^%^\$''>} 

_ _ _ #»' 

a Am. Jour. Sci., vol. 44, 'M ser.. IS"»J. pj). J><j. jvt. 
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the Hard dike, on Crooked Creek, the rock was so altered that even the biotite had 
almost wholly disappeared. Seams of serpentine, calcite, or other carbonates, 
sometimes associated with quartz, are common in the altered rocks. Pyrite was 
noted in small quantity in several of the dikes. Where the rocks are considerably 
altered secondary mica and what is apparently talc may occur among the products 
of weathering, as was noted in the peridotite of the Hard dike. 

"The amount of mica varies considerably, as do also the relative proportions 
of magnetite (?) and the mineral determined as perofskite. The latter is usually 
deep reddish brown, though in one of the specimens from the Hard dike it was a 
rather bright yellow. It is usually, though not always, bordered with a narrow 
black rim having the general appearance of magnetite. The cloudy, whitish, sec- 
ondary product so common in most of the sUdes is apparently derived from the 
perofskite or some other titanium-bearing mineral in the rock, and is probably 
leucoxene. 

" In the Hard and View dikes the biotite is found as abundant small laths 
instead of in the large poecilitic flakes in which it usually occurs." 
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PART II.— ORE DEPOSITS AND MINES. 



By W. S. Tangier Smith. 



CHAPTER I. 

MINING IN THE DISTRICT. 

The area including the lead and zinc deposits of western Kentucky, together 
with those of southern Illinois, forms one of the subsidiary lead and zinc districts 
of the Mississippi Valley. This district diflFers from the others in several respects: 
(1) In the presence of dikes of basic igneous rock m the same vicinity; (2) in the 
almost constant association of the lead and zinc ores with iluorite, the latter occur- 
ring in well-defined fissure veins; (3) in the common occurrence of sphalerite in 
fine grains, largely as a metasomatic replacement of the limestone in or adjacent 
to the fissure veins. 

HISTORY OF MINING OPERATIONS. 

Lead ores were known in this district to the early settlers from about 1812. 
The first attempt to mine the deposits was made in 1835 by a company headed 
by President Andrew Jackson. The operations of this company were carried on 
in Crittenden County, Ky., its shaft being sunk on the Eureka vein within 100 
yards of the present main shaft of the Columbia mine. Between that time and 
the civil war other scarcely less primitive attempts were made to mine the deposits, 
notably at the Royal mines in Livingston Coimty, near Smithland. About 1850 
the impression prevailed that the galena of the district contained a considerable 
amount of silver, and it was for this mineral rather than for the lead that the Royal, 
Columbia, and other mines were first worked. 

In the seventies, incited by the successful operations at Rosiclare, on the 
Illinois side of the Ohio River, prospecting and mining were somewhftt generally 
resumed in western Kentucky. Considerable activity, indeed, was displayed in. 
the development of mines in Crittenden County. For several years the Columbia 
mines were worked for lead, apparently with profit. In 1878, however, these 
and most other mines in the district were shut down, because, with the lack of 
adequate transportation facilities and the depreciation in the market value of 
lead which set in about that time, mining operations became improfitable. 

The first shipments of fluorspar from the Kentucky side of the district came 
from the Yandell mine in 1873. The ore was hauled to Dycusburg, on the 
Cumberland, and shipped thence by boat. In the following year the Memphis 
mines were opened, the fluorspar being hauled to the Ohio River. These two 
mines remained in operation for several years, but the long wagon hauls over bad 
roads finally caused them to succumb to the competition of the more fortunately 
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situated Rosiclare mines. In the last six years interest in the district has been 
renewed, the rise in the price of zinc being perhaps the principal of the factors 
causing the revival. As a result of the search for this mineral the district, for the 
first time in its history, is being thoroughly and more or less systematically pros- 
pected. Over forty companies have been organized since 1899 and are now work- 
ing in the district. Although but few of these have so far succeeded in discovering 
important bodies of zinc and lead, the efforts of most of them have not been wholly 
fruitless, since they have uncovered large deposits of fluorspar which, after all, 
is the main ore of the district. Further details of the past and present operations at 
some of the more important mines are given in Chapter III of Part II of this report. 

PRODUCTION. 

There are no data for determining the production of galena from this district 
prior to 1880, but it must have amounted to at least 1,000 tons. For over twenty 
years production ceased entirely. Even since the revival of interest in the mines 
of this district a few years ago the production of lead has been insignificant, only 
a few tons having been shipped. Early in the past year the Kentucky Fluorspar 
Company, at Marion, installed machinery and is now prepared to separate the 
small amounts of galena contained in the fluorspar ground by them. Later in 
the year the Columbia Mining Company erected a mill for the separation of thoir 
ores, and a small plant was erected by Messrs. Blue & Nunn at the New Jim mine, 
on the Columbia vein. This vein generally carries some galena. The Riley mine, 
which is, so far as known, the only mine in the southern part of the (iistrict having 
no sphalerite with the galena, is likewise being equipped with a mill. Under the 
circumstances it is expected that the district will this year l)e<!:in to assume rank 
as a small but regular producer of galena. 

The production of zinc has hitherto been confined almost entirely to one 
mine — the "Old Jim.*' In 1901 this mine shipped 3,1.54,151 pounds of carbonate 
(smithsonite) , and in 1902, up to September 1, 5,0:36, 390 ])ountls of the same or(\ 
al at an average value of $13.90 per ton f. o. b. at Marion. In 11)0.3 a ( onsiderahle 
proportion of the output from the Old Jim was of s})halerite. In 1V)()4 little wa.^ 
done on this property, the Columbia and New Jim beinor then the main zinc pro- 
ducers. Other but comparatively small producers of carbonate in these yeais \\(»re 
the Mann, McDowell, and Miller mines. In 1900 the Lanham mine produced 
about 25 tons of sphalerite. Of recent years the zinc output of th(» district lias 
been from 1,500 to 2,500 tons. As sphalerite is the most imj)ortant of thr elemcMit? 
of the ores of some of the mines in the Columbia fault zon(\ a tuiiuIm i of \vhi( h 
are being actively developed, the production of this miniMal '^''^v-TM^iivne^^^^^^ 
materially in the immediate future. 

The output of fluorspar in the district prior to 1SS2 can not 
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LIST OF MINES AND PROSPECTS. 
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CRITTENDEN SPRINGS 
DISTRICT. 

I Bill T«rry shaft 
9 Wilton and Dtan 
Dro»p«ct 
Klondik* mintfl 
Thurman shaft 
McMiean protpacts 
Fanthar Hollow mtnaa 
7 Abandonad shaft 
o Mamphit mina 
9 A kara pros pacts 
TO Lona Rock shaft 
IX Struck-it-rlch mlna 
xa Wilson Coppar shaft 
x3 Blua and Nunn shaft 

14 Mayas and Wilson 

pros pact 

15 Major damans mina 
i6 Rochastar prospact 
17 Naw Jim mina 

xS Watkins shaft 

X9 Columbia mina 

ao Blua Hairs prospact 

3x Orascharcut 

ab Fluorlta prospact 

33 Lanham shaft 

Mary Balla mina 
35 Widow Franks prospact 
96 Pyrita shaft 

Kaystona mina 

Old Jim mina 

Smithaonlta prospact 
30 Lady Farmar mina 
3X Daboa prospacts 
39 Fluorita proapact 



«4 
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S 
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SHERIDAN DISTRICT. 

33 Franks prospact 

34 Glandala and Tarry 

prospacta 

35 Haywood prospact 

36 Cartwright mina 

37 Moora prospact 

38 Larua mina 

39 Cox prospact 

40 Flanary shaft 
4x Bush prospact 

43 Widow Gray prospact 

43 Holly mlna 

44 Holly mina No. 9 

45 Jonas prospact 

46 Clamant prospact 

47 Millikan prospact 
40 Old Dad mina 

49 Daisy prospact 

50 Givans Cobalt prospact 

51 Givans mina 

59 Babout prospact 

53 Kayas mina 

54 Damron prospact 

55 Alac Guill shaft 
SO J. O. Bait shaft 

57 Madrid prospact 

58 B. W. Bait mina 

LOLA-CARRSVILLE 
DISTRICT. 

59 Dick Vaughn prospact 

60 David Vaughn prospact 

61 David Vaughn prospact 
63 Mann mina 

63 McDowail mina 
614 Bataman Fluorita 
prospact 

65 Bataman Barita prospact 

66 Champion prospact 

67 Bonanza mlna 

68 Oronogo prospact 

69 Garratt prospact 

70 Far rail prospact 
7x Emyrlan prospact 
73 Bradshaw prospact 

73 Burns prospact 

74 Sutts prospact 

75 Profassor Wrights mina 

76 Outcrop in rivar bank 



77 
7» 

8x 
83 



LEVIAS DISTRICT. 

Mary Franklin prospact 
Eaton mina 
Eaton prospact No. s 
Larua Hairs prospact 
Manlay or Millar shaft 
Lucky Star shaft 

SALEM DISTRICT. 

83 Crosson prospact 

84 Widow Hardin prospact 

85 Crosson Cava prospact 

86 Ramon Babb prospact 

87 Tom Babb prospact 

88 Morsa prospact 

89 Guill mina 

90 Butiar prospact 

91 Lindlay Barita prospact 
99 Lindlay prospact No. 9 

93 Stavans Clay mina 

94 Evaning Star mina 

95 Fluorita prospacts 

96 Morning Star mina 

97 Nancy Hanks mina 

98 North Ramaga prospact 

99 South Ramaga prospact 
xoo Hudson prospact 

xox Pisrca prospact 

MULLIKIN AND SMITH- 
LAND DISTRICTS. 

X03 Cokar prospact 
Z03 Klondyka or Banard 

minas 
104 Royal mina 
Z05 Prospact shaft 

CLAYLICK DISTRICT 

X06 Rsitar prospect 

X07 Hodga prospact 

X08 Hodga minas 

X09 Dan Rilay prospact 

zio Lovataea prospact 

zxz Brown mina 

XI3 Radd opan cuts 

XX3 T. C. Campbail prospact 

1Z4 Ebby Hodga mina 

X15 Samples mina 

XX7 1 Butiar prospects 

Z18 Howard prospact 
X19 Rilay mina 

j^ I Henry Woods prospacts 

139 Henry Hodge prospact 

133 Tom Martin prospect 

134 Pope prospect 

X35 Morning Glory prospect 

MEXICO DISTRICT. 

Z36 King prospect 

X37 Davenport prospect 

za8 Bibb shaft 

199 William Polk prospect 

X30 

Z31 } Myars prospects 

X33 

»33 
»34 

»35 

X36 

«37 



i 



Nawkirk shaft 

Blue and Marble mine 

Tabb mines 

Wheeler mine 

Wheatcroft shaft 
Z38 Tabor mina 
Z39 Asbridge mine 
X40 Pogue mine 
Z4X John Mathews shaft 
Z43 Sam Mathews prospects 
X43 Yandell mines 

IN CALDWELL COUNTY. 

144 Lowery Berite mine 
Z45 Ray Barita mine 
X46 Marble prospect 
X47 Marble mine 
Z48 Stona shaft 
Z49 Dodds shaft 
150 Prospect shaft 
Z5X Senator mine 
X53 Senator prospect 
Z53 Coleman shafts 
Z54 Bright mine 

ik6 1 ^y** prospect shafts 
Z57 Sattarfield prospects 

158 Lucille mine at Marion 
X59 Prospect on Cumberland 
River near Tilina 
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17 N«wy 
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MINING IN THE DISTRICT. 
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mined exactly, but it doubtless amounted to many thousands of tons. From 
that date to the close of 1903 the production reached a total of about 250,000 
tons, valued approximately at $1,562,500. Before 1899 considerably more than 
half of the annual output came from the north side of the Ohio, but since that 
date the production has been about equal on the two sides of the river. An effort 
was made to determine the output of the mines in each of the two States sepa- 
rately, but the data secured for most of the years were insuflScient to serve the 
purpose. The statistics for 1899 and later years, however, ' appear to be more 
detailed and definite, so that the following table of amounts of spar shipped from 
the various mines in Kentucky from January 1, 1899, to September 1, 1902, may 
be accepted as approximately correct, 

Flvutrapar 8hipj)ed from mines in Kentucky from January i, 1899 , to September i, 190S. 

Pounds. 
Hodge 14,801,076 



Memphis 15, 756 

Klondike 3,213 

YandeU 26,694 

Brown 1, 437 

Ebby Hodge 569 

Kentucky No. 4 459 

Panther Hollow 886 

Holly 635 

Blue Land ^ 24 

Tabb 3,641 

Blue and Marble 3,352 

Wheeler 823 

Lanham 92 

Mary Belle. .,. 1,051 

4 

Evening Star 156 

Tabor 160 

Asbridge 4, 644 



Sam Matthews 28 

Lovelace 88 

Babb 850 

J. K. P.Hudson 92 

Austen Guill 144 

Dan Riley 20 

Archie Crosson 30 

Lucile 882 

Marble 1,945, 

During this period 700,000 pounds of fluorspar were ground by the mill of 
the Eagle Fluorspar Company, near Salem, and 10,493,395 pounds by that of the 
Kentucky Fluorspar Company, at Marion. 
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The production of fluorspar by the mines in western Kentucky in 1903 amounted 
to 29,168 tons. Of this output 21,549 tons, valued at $93,800, were shipped in the 
crude state, and 3,336 tons, valued at $33,360, were ground. Nearly the whole of 
this production came from Crittenden County. 

Six grades of fluorite are recognized in the American market: (1) American 
lump No. 1, (2) American lump No. 2, (3) gravel, (4) crushed, (5) ground fine, (6) 
ground extra fine. 

The first three of these are recognized in mining, the fluorite being graded 
according to size and purity. White or colorless and transparent or nearly trans- 
parent fluorite belongs to the first grade, or No. 1; clear blue ore, especially when 
very pale in color, comes under the same head. To No. 2 belong the dark-colored 
fluorites and those admixed with impurities, such as calcite and fragments of lime- 
stone. The fluorite is further graded, as to size, into lump and gravel, the former 
consisting of the ordinary massive, granular fluorite, in fragments and blocks, and 
the latter of the same material after the grains have become separated by weathering. 

USES OF FLUORSPAR. 

Fluorspar is used chiefly as a flux in the manufacture of steel and pig iron, and 
to a minor extent in the reduction of lead. It is claimed to be of advantage also 
in the smelting of copper and nickel. In addition it is emplo3'ed in the enameling 
trades, and comparatively small amounts are used in the manufacture of hydro- 
fluoric acid and of opalescent glass. For these last purposes only the best quality 
of fluorite is used, the second and third grades being sold for fliixinty. 

MINING METHODS. 

For the purposes of prospecting or mining land supposed or known to bo ore 
bearing is as a rule either leased or purchased. In some cases only the mineral riglit 
in the land is obtainable, while rarely the right to mine one mineral, as Ihiorite, is 
sold or leased to one individual or company, while the ri^^ht to other minerals occur- 
ring in the same vein (as lead and zinc ores) is sold or leased to othei-s. Occasionally 
the lessee does not work the property himselt, but sul)loasos it. There are no fixed 
royalties, the leasing rates for fluorite ranging from 10 cents to SI. 25 per ton of 
cleaned ore, and from 25 cents to $2 or possibly $2.50 for sej)arated load and zinc ores. 

There are few fully equipped plants in the district and mining is carried on for 
the most part by simple methods. Many of the mines or prospects consist of open 
cuts, more of shallow shafts, and both are worked by windlass. With increase in 
depth of the shaft the windlass is exchanged for the whim, operated by horse j^ower. 
This is probably the most commonly used method of hoisting in the (Jistrict, hoinji 
depended on by some of the more important mines. The bettor (HjuipixMl niinos 
use steam power or gasoline engines for hoisting, pumpuig, and other j)urpos(^s. and a 
few are furnished with such accessories as compressed air drills and olcntric- lights. 




. GRAVITY FLUORSPAR WASHER AT TABB 





■ 


mm 


JM) 




HII 


E 


I^H 




1 


^Hi^ii^^ 


Ph 


nrim^l 




^H 


^^^H9^^^ 


^^m 


HPBh 




IB 


luti^M^n Wi 


f^S 


IP^rKI 




0® 




^SSfi 


iSK^'^^^i^ 


_t] 


— 


§|PpS»i»r."..v 


^^^^5 




Q 



1- BELLE MINE. 
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is satisfactory, but that of the fluorite from the other minerals and rock is not. 
Even where sphalerite is not present, this mode of separating the fluorite is far 
from satisfactory, but where sphalerite must be separated as well the difficulties are 
increased many fold. The sphalerite usually occurs in fine grains disseminated in 
limestone and to a less extent in fluorite, thus necessitating much finer material 
for concentration, and rendering separation by the wet methods much more difficult. 

The plant at the Evening Star mine was being installed when the district was 
visited by the writer. It was to consist of a crusher, three sets of straight-face rolls, 
nine groups of sizes (the finest screen being of 180-mesh silk bolting cloth), and 12 
Hooper pneumatic concentrators. This method of separating the ores of this dis- 
trict, to judge from practical results so far as they can be learned, is scarcely more 
satisfactory thus far than separation by jigging. It seems probable, however, that 
sooner or later some method will be devised by which the Kentucky ores may be 
properly concentrated. 

The fluorite above water level usually occurs in a more or less granular form 
known as gravel spar, mixed with a varying proportion of clay, and much of it 
must be cleaned before it can be shipped, although many of the mines are not 
equipped with any washing apparatus. There are two methods in use for cleaning 
the ore, one known as the gravity washer, the other the log washer, comnionlj^ used 
for washing the oxidized ores in the Wisconsin lead and zinc district. 

The gravity washer consists of one or two ore pens at the top of a trough, wliich 
is inclined at an angle of 10° or 12°, and has one or more openings toward its lower 
end. The ore is usually sized to a greater or less extent at the same time, one 
or more screens being placed just beneath the openings of the trouo^h, as shown in 
PI. IX, A and B. A strong stream of water turned on the ore in the pens carries it 
into the trough and down the incline, at the same time washing; it from any 
admixed or adhering clay. The water with the fine ore and suspended days 
passes off at the first screen. At the Tabb mine settlin^r tr()u<2:hs are used, in addi- 
tion, for collecting this fine fluorite. 

The log washer is shown in PI. X, B, It is sliglitly inclined, ore ho'uvy intro- 
duced at the lower end and water at the upper. By the rcvohitionof the ** lo^,' 
the ore is gradually worked toward the upper end, and finally out, while the water 
with its suspended clays passes out at the lower end. At the Brown mine two 
such washers are used, the ore being subjected to a double washin<r hy i)assinir from 
the first into the second. Besides being used for fluorite, the lo^j; wa^luM- is used at 
the Old Jim mine for cleaning the smithsonite. 

The cleaner ores, especially those from the unweathered portions of tjio veins, 
are shipped directly, without washing, the coarser impurities, such a> caiciic and 
limestone, being culled from them by hand. 
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CHAPTER II. 

ORE DEPOSITS OF THE DISTRICT. 

MINERALS OF THE ORE DEPOSITS. 

The minerals forming the ore deposits and associated with them in this district 
are the following: Galena, cerussite, pyromorphite, sulphur, sphalerite, smithsonite, 
hydrozincite, calamine, greenockite, pyrite, marcasite, limonite, chalcopyrite, mal- 
achite, fluorite, barite, calcite, quartz, kaolinite, and ankerite. In addition to 
these, small quantities of some of the hydrocarbon compounds are occasionally 
found in the veins. Of all these minerals, only fluorite, barite, galena, sphalerite, 
and smithsonite are known to be of economic importance within the district. 

DESCRIPTIONS OF THE MINERALS. 

Oalena or galenite, lead sulphide (PbS). — Galena or galenite, characterized by 
its lead-gray color, its cubic cleavage, and its high specific gravity (7.4-7.6), is gen- 
erally found in irregularly shaped grains, up to 1 inch or more in diameter, in and 
with fluorite. It occurs usually in individuals, but sometimes in aggregates. 
Occasional aggregates 6 inches or more in diameter are reported from several of 
the mines of the district, though none of such size were seen by the writer. Well- 
developed crystals are not common, but it is sometimes found in cubes, especially 
where it occurs in vugs. Less often it is cubo-octahedral. In addition to its 
occurrence with fluorite it is occasionally found disseminated in small grains in 
limestone and also in coarser form as a cement to breccia. The cleavage surfaces 
are sometimes more or less curved. It is occasionally found in elongated forms 
with fine granular or columnar structure, due to post-mineral movements in the 
vein; also, rarely, in very fine-grained aggregates. 

The galena of western Kentucky is practically nonargentiferous, as is gen- 
erally the case with this mineral in the sedimentary rocks throughout the Mississippi 
Valley. So far as has been determined by analysis, the silver content of these ores 
appears to be no greater than that of the ores from the various lead districts of 
Missouri^ on the whole. On the other hand, the ores from southern Illinois contain 
somewhat more silver than those from Kentucky, if we may judge from the reports 

a Wlnslow, Arthur, Oeol. Survey Missouri, vol. 7, 1894, p. 455. 
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of previous writers,^ which indicate a proportion of silver ranging from 2 or 3 
ounces to 32 ounces per ton; 

Peter,* commenting on a specimen of galena from Owen County, Ky., in which 
he found "no ponderable quantity" of silver, remarks that '* this has been the usual 
result of the analyses of the galenas of this region. They all appear to be remark- 
ably poor in silver." 

Three specimens of galena from the western Kentucky district assayed by 
Dr. E. T. Allen, of the United States Geological Survey, yielded the following 
amounts of silver in troy ounces per ton: 

SUver in galena from western Kentucky, 

[Troy o«. per ton.] 
Drescher open cut 1. 63 

Lovelace mine *. 0. 25 

J. N. Riley mine No silver. 

Cerussitej lead carbonate (PhCO^). — ^This is sometimes found colorless and 
translucent, with vitreous or adamantine luster, although it occurs usually in 
impure form as a dark-gray to nearly black, fine-grained aggregate, sometimes 
compact, though generally earthy and dull. It is common, coating galena or fillinor 
cavities once occupied by galena within the zone of oxidation above the level of 
ground water. It is by far the most common oxidation product of galena. 

No lead sulphate (anglesite) was identified. A number of specimens tested 
for this mineral gave only reactions for lead carbonate. 

Pyromorphit€y orthophospJuite of lead with chloride of lead ((PhCl)Ph^(PO^).^. — 
This occurs in minute or microscopic green translucent crystals, as individuals 
or small aggregates. It is comparatively rare, but was noted in small amount on 
fluorite at the Tabor and Wheeler mines and in dnises in a cavitv in fluorite once 

ft' 

occupied by galena at the Kentucky No. 4 shaft. It is an oxidation product of 
galena and is found only in the zone of oxidation. 

Sulphur (iS). — Sulphur is comparatively rare. It was noted in only two local- 
ities, at the Brown mine and at the Kentucky No. 4 shaft, occurring at both places 
as minute yellow crystals in partially oxidized galena. It is .one of the products 
of weathering of galena, and is found, therefore, only in the zone of oxidation. 

Sphalerite or ^^blende/' zinc sulphide (ZnS). — This occurs usually in small or 
minute crystals or grains, of a yellowish or brownish, occasionally ncaily black. 
color, disseminated in limestone, less often in fluorite. It is also souKninies asso- 
ciated with calcite. Occasionally it occurs in ^n.igs or as a cement to hirccia. and 
it is then somewhat more coarsely crystallized and more or less at^^rc iratcd. It is a 

a Owen, D. D., Geol. Survey Kentucky, vol. 1, p. 88 1856. Whitney. J. D., Report of a (i* oiouri. Jil -^ur\ . >',] Hk I'l.t , r 
MiMiflsippl Lead Region, Albany, 1862, p. 199. Norwood, J. G.. Geol. Survey Illinois, vol. l. |.. ,::_'. ]vt.'. I 'nuMt.-, >;, 
Fluorspar deposits of southern Illinois: Trans. Am. Inst. Min. Eng.. vol. 21, p. :j;^ isii.). , ;• " \ 

6 Geol. Survey Kentucky, part 1, vol. 4, 2d series, 1877, p. 134. 
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DESCRIPTIONS OF THE MINERALS, 123 

common mineral in the veins, but is found in more than ordinary abundance at a 
few locaUties, as at the Columbia mine, as part of the cement of a limestone breccia, 
and at the Old Jim mine, where it replaces limestone. 

A red" and a white* oxide of zinc are reported as occurring in the district, 
the former at the Columbia mine and the latter at the Old Jim. Samples of the 
former (the so-called zincite) seen by the writer proved to be only a variety of 
sphalerite (ruby blende), while the supposed white oxide is the basic zinc carbonate, 
hydrozincite, described below. 

Smithaonitey zinc carbonate (Zv€0^, — This is found both crystallized and 
massive. The crystals are generally light colored and translucent; they are always 
small, are found singly or in aggregates on the walls of cavities, and are usually 
short rhombohedral, with curved rough faces. They also occur doubly terminated, 
spindle shaped, or with club-shaped terminals, frequently aggregated in masses. 
Reniform, botryoidal, and stalactitic aggregates are common in cavities in the more 
massive granular varieties (PI. XI, J?). A large part of the smithsonite occurs 
replacing Umestone, and is massive, granular, and moderately dark gray in color. 
Only rarely it is foimd white and fine grained. Occasionally small amounts of 
greenockite (noted especially at the Old Jim mine) are included in the smithsonite, 
coloring it yellow and forming the variety ''turkey-fat." Smithsonite is the com- 
monest of the oxidation products of sphalerite. It has a somewhat greater specific 
gravity than limestone, which is sometimes mistaken for it by the miners, and it 
does not effervesce so readily with acid. 

HydroziTicite, ba^ zinc carbonate, perhaps ZnC0^,2Zn{0H)^.^This was noted 
in small amount at the Drescher open cut and locally in considerable quantity at 
the Old Jim mine, incrusting cavities in deposits of smithsonite. Usually lami- 
nated and associated with laminae of smithsonite (PI. XI, J?), its surface forms are 
like those of smithsonite. In places it shows a fibrous structure at right angles to 
the lamination. It is white, dull, and chalky in color, and rather soft (hardness, 
2-2.5). It sometimes appears to be mixed with some smithsonite and is then a 
little harder. It is found just above the level of ground water at the Old Jim mine.^ 
This mineral is apparently an alteration product of smithsonite. 

Calamine f 6asic silicate of zinc (H^Zn^SiO^), — This is seen in very small amount 
at the Hodge and Evening Star mines and at the Clement shaft, occurring in small 
hemispherical or sheaf-like aggregates in cavities in ore or rock, having rough 
surfaces formed by the projecting ends of the minute, white, translucent crystals. 
Calamine is an oxidation product of sphalerite. 

Greenockite y cadmium sulphide (CdS). — ^This occurs in greenish yellow or 
orange-yellow films coating the walls of cracks in ore and rocks near and usually 
above ground-water level. These films, where of appreciable thickness, very much 

a The Mineral Industry for 1900, vol. 9, 1901, p. 294. b Mining and Eng. Jour., vol. 74. 1902. pp. 413-414. 



124 LEAD, ZINC, AND FLUORSPAR DEPOSITS OF WESTERN KENTUCKY. 

resemble the precipitated and dried cadmium sulphide of the laboratory. As 
already noted, greenockite also occurs in small amounts coloring smithsonite 
crystals. It is common in small quantities throughout the district wherever 
sphalerite occurs as one of the products of weathering. 

Pyrite and marcdsite, iron disvlphide (FeS^), — Both of these minerals are found, 
the pyrite occurring apparently in the greater quantity of the two. They are not 
common except locally, and are then occasionally abundant, as at the Old Jim mine, 
where they occur replacing in large part a 6 to 12 inch bed of limestone close to 
the Old Jim dike. This is the common mode of occurrence of the minerals, replac- 
ing limestone, though they have been occasionally noted in Chester shale and also 
(at the Old Jim dike) in partially weathered peridotite. Both minerals occur in 
crystals and grains, usually of microscopic size. 

Limonitey hydrated sesguioxide of iron {2Fe/)^.SHfi). — This is common as an 
oxidation product. In addition to its occurrence as a constituent of clays and 
among the residual products of some of the minerals, as of sphalerite, it is occa- 
sionally found more or less aggregated, usually forming moderately hard, compact, 
dark-brownish masses in clay adjacent to the veins. It sometimes occurs also in 
stalactitic forms. 

Chalcopyritef sulphide of copper and iron (CuFeS^). — This is characterized 
by its moderate hardness (H 3.5-4), its metallic luster, brass-yellow color, and, 
when crystallized, by its crystal form. This mineral has been noted in sjiiall 
amounts at several localities. It was found as numerous minute sphenoids dis- 
seminated in fluorite in zones or bands parallel to the cubic faces of sonie of tlie 
individuals in an aggregate from the Holly mine. A veiy small amount in 
minute grains was also noted in fluorite at the Marble mine and in silicified lime- 
stone at the Nancy Hanks shaft; also in greater amount disseminated in limestone 
at the Wilson copper shaft. 

Malachite^ hojsic cupric carbonate (CuCO^.Cu(0 11). ^) .—Thi^ is a hri(rlit-o:reen min- ^! 

eral usually of dull, earthy character. It effervesces freely with dilute hydrochloric _y 

acid. It was noted at the Wilson copper shaft above ground-water level as an 
oxidation product of chalcopyrite. 

Fluorite^ calcium fluoride (CaF^), — Fluorite is the principal vein-formin<x min- 
eral of the district. It is sometimes found in cubic crystals coatinjr tlie walls of 
cavities in the vein or in the country rock adjacent to the vein, but is more often 
massive, occurring then as a nearly uniform granular aggregate. It is usually 
medium grained, though sometimes finer or coarser, crystals and grains h.Mving ])vvn 
noted with a diameter of as much as 5 inches. The crystals arc alun\s:. ( nho :. 
their faces generally somewhat rough, owing to irregularities ol ;!l^3^i^ii<;'i:t ,;^^ 
Although the fluorite usually has a perfect octahedral cleayage it i> son;^^^^""" 



p 



l! 




DESCRIPTIONS OF THE MINERALS. 126 

tinct, ovmig in some cases to movements in the veins since the mineral was depos- 
ited. The mineral has a vitreous luster^ and is translucent or, rarely, transparent. 
Where granular it is usually white, though often purplish. In individual grains 
and crystals it is generally colorless, sometimes blue or purplish, and occasionally 
almost black. In one instance, at the Tabor mine, amber-yellow crystals were 
noted. Green fluorite is reported from one of the Illinois mines, but none was seen 
in Kentucky. No fluorescence has been noted in the Kentucky fluorite, and most 
of the specimens that were tested gave no observable phosphorescence. The 
mineral does not effervesce with dilute hydrocloric acid. 

The source of the color of fluorite has not yet been conclusively determined, 
although Wyrouboff's" experiments, in his view, showed it to be due to the con- 
tained hydrocarbons rather than to the metallic oxides. To the present writer, 
however, the results of these experiments appear to have proved rather the pres- 
ence of hydrocarbon compounds in the mineral than the connection of these 
compounds with the color; although certain facts (particularly the decolorization 
of the mineral on moderate heating) would seem to make the correctness of 
Wyrouboff's conclusions as to the source of the color reasonably sure. 

Wyrouboff noted that in the violet-colored fluorite from Welsendorf both color 
and odor were variable, and that the specimens with the strongest odor were also 
darkest in color. This first led him to the supposition that the cause of the color 
and odor were the same. In the course of his experiments he found that all of the 
fluorite specimens that possessed odor contained hydrocarbons; that white fluorite 
from Cumberland had no odor and contained no hydrocarbons; that the quantities 
of metallic oxides present were totally inadequate to explain the color, besides 
being the same for different colors; and that small pieces of the Welsendorf fluorite 
with pronounced odor, treated with ether for twenty-four hours, completely lost 
their odor, showing it to be due, in this case, to hydrocarbons infiltrated in the 
fractures of the mineral. He found, also, that the colored varieties lose their color 
when heated, that from Welsendorf becoming decolorized at 370° C, which, he 
remarks, is a higher temperature than that required for the decolorization of most 
fluorites. He tested fluorite of different colors, including violet, dichroic, yellow, 
green, blue, and white varieties, and his conclusion from all his experiments is that 
the coloring matters are various compounds of hydrogen and carbon, probably 
arising from bituminous Umestone, and also that phosphorescence on heating is due 
to the decomposition of the coloring matter. 

In the Kentucky district the fluorite is mainly white, and the principal colored 
variety is purplish in different shades. Yellow fluorite is rare. No thorough inves- 
tigation of the cause of the color of the Kentucky fluorite was made, but some facts 

a Wyrouboff, M. O.: Bull. Soc. Chim. de Parla. 1866, n. s., vol. 5, pp. 334-^7. 
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have been brought out by field observations and a few experiments. There can be 
no question that the odor obtained when the mineral is struck or broken is due to 
contained hydrocarbons. As regards the relation of the odor to color, the present 
writer's observations, contrary to those of WyroubofT, show that the purplish 
varieties have, in general, no stronger odor than the white or colorless, the odor of 
the latter being frequently very pronounced. The strongest odor is found in the 
brownish variety, which contains an unusually large amount of hydrocarbons. In 
this case the color appears to be due merely to mechanical admixture with the 
hydrocarbons, the fluorite itself being white or colorless. On heating, the yellow 
fluorite from the Tabor mine, the purple and the brownish fluorite are all decolorized 
considerably below red heat, the purple specimens showing sUght phosphorescence 
at the time of the loss of color. Coarsely powdered, dark-purple fluorite treated for 
several weeks with ether did not lose color, nor was the ether colored; but small 
fragments of brownish fluorite gave up a considerable part of their color within 24 
hours, turning the ether yellow. MetaUic oxides, if present, occur only in extremely 
minute quantities; beads of borax and of sodium carbonate showed no color with 
the colored fluorites. Manganese is not uncommon in the clays adjacent to some of 
the veins, and it is probably present also in small amounts in sphalerite, although 
the writer has nowhere noted any such relation of purple fluorite to the occurrence 
of sphalerite as that given by Burk.** 

From the writer's observations it seems probable that the wliite or so-called 
colorless varieties of fluorite contain no less coloring matter than do the colored 
varieties, the differences in color being accounted for by differences in the chemical 
condition of the coloring agent. Wherever purple fluorite was seen it was always 
associated with white, colorless, or even yellow fluorite in such a way as to make it 
seem probable that the purple color is due to oxidation, and is not ori(2:inaI with tlie f 

fluorite. In the mines the purple color first appears in those places first reached bv f\ 

oxidation, that is, along the contacts between the grains of ihiorite, esjHviallv near 
the vein walls or along some fracture in the vein. It also forms on crystal 
surfaces in vugs, and is especially common in the oxidized portions of the vein. In 
the belt of weathering, fluorite is most often purple, where found in thin seams and 
particularly where occurring as a cement to brecciated chert or quartzite. these con- 
ditions being more favorable to oxidation. Only a small pro})ortion of the fluorite 
in the belt of weathering is purple, as a rule, most of it still retaining its white or 
colorless character, except in some cases where it occurs in thin seams cementini; 
breccia. In the case of dark-purple fluorite occurrintr in vutxs. tlie color, wlierc 
noted by the writer, is not uniformly distributed throu^^h the mineral. Init is found. 
in bands parallel to the surface of the vug, and in some instances tlictiya'nds < om 

a Burk, W. E., The fluorspar mines of western Kentucky and aonthern Ulinois: The Min.T.il Iii.in-^'t'r: 
1901, pp. 293-205. 
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pletely encircled the cavity, passing from crystal to crystal and following all the 
surface irregularities. 

These observations strongly surest, though they do not prove, that the purplish 
fluorite, at least in western Kentucky, is derived from fluorite of other colors by 
oxidation of the contained coloring matter. 

Decrepitation of the fluorite is apparently closely connected with the amount 
of contained hydrocarbons. Some specimens, as the yellow variety from the Tabor 
mine, decrepitate only slightly, but most of them show considerable decrepitation, 
while the brownish fluorite from the Lucile mine decrepitated violently, being reduced 
in the process to a fine sand. Microscopic Uquid inclusions are very common in the 
fluorite, occasionally with moving bubbles. They were especially abundant in 
some of the specimens having pronounced odor, and it is probably to them that the 
decrepitation is largely due. 

BariUj barium svlphate (JBaSO^, — This is common as a vein-forming mineral, 
and is usually foimd massive in fine-grained a^regates, though it is occasionally 
noted as crystals, especially in small cavities in the partially weathered, more 
massive forms. The individuals of the massive barite are generally thin and platy 
and are frequently grouped in arborescent forms, best seen on somewhat weathered 
specimens, which, however, usually show a more or less reticulated structure. 
Aggregates of unusually large barite crystals were noted at Crosson Cave, the indi- 
viduals having a maximum length of half an inch. The barite crystals wherever 
seen had the same habit, a combination of unit prism and basal pinacoid, the 
crystals flattened parallel to the latter. The massive barite may usually be readily 
distinguished by its white or nearly white color when fresh, its fine-grained crystal- 
line character, its specific gravity (about 4.5), and its noneffervescence with acid. 

Calcite, calcium carbonate (CaCOs). — Calcite is a common vein mineral and is 
also found in Umestone adjacent to the veins. Although sometimes found in 
crystals in vugs, it usually occurs in irregularly shaped grains or in granular aggre- 
gates. The size of the calcite grains is very variable. The vein calcite, though 

sometimes fine grained, is generally quite coarse, the grains having a maximum 

« 

diameter of 6 inches or even more. It is generally white, and is translucent only 
in thin fragments. It has a well-defined rhombohedral cleavage. The crystals 
occurring in vugs are usually small or of moderate size, and subtransparent and 
colorless, or nearly so. The forms of the crystals are sometimes complex, although 
as a rule they are simple, consisting generally of a single rhombohedron (— 2R) 
or less often of this combined with a scalenohedron (R'). 

Quartz, silica (SiO?). — Quartz in hexagonal crystals, usually minute or micro- 
scopic, is frequently foimd in druses coating the walls of small fractures, espe- 
cially on siUceous surfaces. Its chief occurrence, however (aside from that in 



I 



128 LEAD, ZINC, AND FLU0R8PAB DEPOSITS OF WESTERN KENTUCKY. 

chert and Chester sandstone and quartzite), is in and replacing limestone, some- 
times as scattered, doubly terminated microscopic crystals, sometimes largely 
or wholly replacing the rock and forming jasperoid. (See p. 140.) 

Kaolinitej basic silicate of aluminum (H^Al^Sifi^). — ^This occurs as a white or 
cream-colored, very fine-grained aggregate, sometimes with a tinge of red. It is 
earthy and dull, or has a slight waxy luster, is soft (easily scratched with the finger 
nail), unctuous, adheres strongly to the tongue, and when placed in water readily 
slacks. It is found in patches in clay adjacent to the fluorite veins at the Asbridge 
mine and at shaft No. 6 of the Blue and Marble mines. It was chiefly noted, 
however, in the open cut at the Givens prospects — here also in residual clays and 
sands. In addition to these occiu-rences it was seen in minute particles in red 
clay at a number of the mines. 

Wad, — Wad, an impure mixture of hydrated oxides of manganese, is found 
as a product of weathering, usually in minute dark-gray or blackish specks scattered 
in clay. It was noted also in barite. It occurs in the kaolinite just described, 
especially in that of the Givens open cut, where it is sometimes so abundant as to 
give the kaolinite a gray color. In some of the kaolinite the wad is largely segre- 
gated, in places making up the mass of the rock, though always containing a greater 
or less admixture of kaolin. This segregated wad occurs in minutely botryoidal 
forms. Wad from the Givens mine at Pleasant Grove Church, according to analysts 
by Mr. W. George Waring, contains from 2 to 17 per cent of cobalt and nickol. 

Anlcerite, carbonate of calcium, magnesium^ and iron (with somf uuinqamst 
(CaCO^{Mg,Fe,Mn)CO^) , — ^This was noted at the Old Jim mine, at the margin 
of the Old Jim dike, where it occurs as a product of the alteration of peridotite, 
associated with calcite and sphalerite. It occurs as a medium granular, crystalline 
aggregate, nearly white with a pink tinge, and with curved rhombohedral cleavage 
faces. 

Hydrocarbon compounds. — These, although not homogeneous substances and 
therefore not mineral species, are considered here for convenience. Much of the 
Hmestone of the district, when fractured by a blow, gives off an odor resemhliiii: 
that of crude petroleum. A similar odor is given off when the limestone is dis- 
solved in hydrochloric acid, and a brownish scum forms on the solution. Sonic 
dark-colored limestones also give off a decided bituminous odor when heated. 
These effects are due to the presence in the limestone of a very small amount of 
contained organic matter, probably largely in the form of petndeum. A similni 
odor is obtained sometimes from coarse white-veined eahite; also from most 
fluorite when it is broken, and it is frequently much stronger in the lluoiite tlm 
in limestone. Sometimes the amount of contained hvdrocarhons is- so. <rVeat m- 
to make the fluorite somewhat brownish or even blackish. This (•()loi i^iP'^^niatiVu 
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appears to be concentrated along the cracks and between the grains of granular 
fluorite and gives a bituminous odor when heated. Rarely the cleavage surfaces 
of the fluorite have the appearance of being moistened with a film of oil, and at 
the Bonanza mine occasional pockets of oil are reported as occurring with the ore. 
Finally, small films of asphalt are sometimes, though not often, seen on the fluorite. 
The amoimt of hydrocarbons contained in the limestone and fluorite is so small 
that even where the odor is strongest they can seldom be determined quantitatively 
with the amount of material ordinarily used in chemical analysis. 

MODES OF OCCURRENCE OF THE ORE DEPOSITS. 

The ores of this district may be most conveniently described under three 
heads: (1) Fissure veins; (2) ores cementing breccias; (3) metasomatic replace- 
ments. The first class includes the deposits filling fissures due to faulting. The 
second class consists mainly of deposits cementing breccias of country rock 
which has been thoroughly shattered by differential movements, but in which 
as a rule there is no simple, clean-cut fault. Under the third head are treated 
those deposits which occur as replacements (in some cases not adjacent to any 
fissure vein) mainly of the country rock or of rock fragments in deposits of the 
other two classes. The three types are frequently associated, and the first two 
classes may grade into each other; nevertheless, in typical cases in this field, the 
distinctions between all of them are so clear that the division seems warranted for 
purposes of description. 

Fluorite, barite, some galena, and some sphalerite are found in fissure veins, 
which are by far the most important occurrence, taking the district as a whole. 
The same ores occur as a cement to breccias; while those found as metasomatic 
replacements include mainly sphalerite below the influence of surface oxidation, 
and smithsonite within that zone. 

FISSURE VEINS. 
GENERAL FEATUBES OF THE VEINS. 

All the forms of deposits just described occur along or in the vicinity of well- 
defined fractures or faults, and in particular the well-defined veins of the district, 
probably without exception, fill fissures due to faulting. While the veins follow 
all the systems of faulting which have been described by Mr. Ulrich in Part I of 
this paper — filling both northwesterly and northeasterly fissures, and at the Marble 
mine a practically east-west fissure — many more of the northeasterly veins have 
been discovered and developed than of those trending in other directions. Although 
it is not to be understood from this statement that such veins as do occur in other 
directions are not so well defined or so important economically as the northeasterly 
ones, still the present chief producers are the northeasterly veins. 

10696— No. 3^-05 9 
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Ore-bearing fractures belonging to one system are occasionally noted inter- 
secting those of another system. The northwesterly Eureka fault, for example, 
intersects the northeasterly Columbia fault at the Columbia mine (figs. 6 and 7). 
So far as known, ore has been found only southeast of the Columbia fault, and 
judging from Norwood's description" it seems probable that this fault is cut off 
by the Columbia fault, although it was noted intersecting the shales that formed 
the northwest wall of the drift at the 80-foot level of the Columbia mine. Another 
instance of intersecting fissures was noted at the Crosson cave prospect, where a 
fault with a trend of N. 37® E. is cut off by another fault striking north and south. 
Both fissures contained ore. This occurrence is described in more detail in a later 
section of the paper. 

Approximately parallel veins may have an opposite arrangement or may be 
arranged en echelon. The arrangement of the veins at the Asbridge, Tabor, and 
Wheeler mines (fig. 11) is a good example of the latter. The relation of the Eureka 
vein to that at the Lahham shaft (fig. 6) is probably similar. Two ore deposits 
along fractures belonging to the same system, but not entirely parallel, occur at 
the Ebby Hodge mine (fig. 24). 

While veins may and do occur along minor fault planes parallel to and not 
far from a main fault, it is probable that the chief ore deposits have in the majority 
of instances been formed along the main fault. 

The veins occur, so far as known, only in the formations of the Chester and 
Meramec groups, either in one or more often between two of them, where they 
have been faulted into juxtaposition. A vein may^ thus have both walls mainly 
of sandstone (or quartzite) and shale, as at the Lucile mine near Marion; or one 
wall may be of quartzite and shale and the other of limestone, as at the Kiley mine 
southeast of Salem; or finally both walls may be of limestone. The third and 
most common occurrence is illustrated by the Memphis mine northeast of Crittenden 
Springs. 

The walls of the veins are usually, though not always, w(»ll defined, and are 
frequently marked by pronounced shckensiding, which occurs as a fine grooving 
or as coarse, open corrugations. Where the walls are of limestone they are often 
fractured and frequently much seamed with minute veins, usually of calcite, thougli 
sometimes of fluorite, together with some galena and splialerite, and, less often, 
barite. The Hmestones of the different formations are difrerentlv affected in this 
respect, as shown at the open cut of the Tabb mine (Xo. 11. ti<i. 12), where a part 
of the northern wall (of Birdsville limestone) is considerably seamed, wliile the 
southern (of St. Louis) shows only a few fine veinint^s of calcite. Tliis scaniini: 
(see PI. XI, ^) also accompanies ordinary fracturinf]: of the limestone wliere no 

a Norwood, C. J., Report of a reconnolssance in the load region of Liviiipston, Critton<l<n, .ml < ullwi 11 » ..(miic-.: (ii<)l. 
Survey Kentucky, vol. 1, pt. 7, sec. ser., pp. 480-482. 
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vein is known to occur. When Chester quartzite forms the wall it is sometimes 
brecciated and the breccia is more or less cemented with fluorite. 

Most of the veins show distinct evidence of movement by the displacement 
of the beds or of the formation on the opposite sides of the fissure, by the slicken- 
siding of the waUs, or by sheeting parallel to the walls of the vein with or without 
slickensiding. This sheeting occurs both in the vein itself, especially near the 
walls, and in the country rock, most often in Chester quartzite and shale, where 
it may extend 50 feet or more from the vein. In places subsidiary veins are formed 
between the sheets, bands of ore alternating with partings of rock. Chester shale 
dragged in along the fault plane frequently forms a body at times a foot or 
more in thickness between the vein and one of its walls (fig. 25). 

The Chester sandstone, where it occurs close to the faults, is usually more or 
less siUcified to a quartzite. This quartzite passes gradually into sandstone on 
the side away from the fissure, the width of the silicified zone being from perhaps 
30 to about 100 feet. The quartzite is more resistant to weathering and erosion 
than the other rocks of the district, and therefore often stands a few feet above 
the general level, forming at intervals along its course dike-like outcrops frequently 
20 to 30 feet wide (see PI. XII, A and S, and fig. 12), by which the fault maybe 
readily followed. For the same reason the faults having quartzite for one wall 
frequently follow ridges. Although the quartzite not uncommonly forms a vein 
wall, these surface outcrops, where noted, were generally not at the main fault, 
but from 15 to 80 feet to one side of it. The outcropping masses usually show 
sheeting parallel to the near-by main fault, as illustrated in PI. XII, A, In 
PI. XII, JS, there is similar sheeting, the partings being 3 or 4 feet apart. The 
silicification of the sandstone is merely a more thorough cementation of the rock 
by silica carried in solution by waters probably circulating along these minor 
fault planes. 

The width of the veins varies considerably. In the case of well-defined simple 
veins, as at the Hodge mine, the maximum width thus far recorded is 19 feet. 
Several veins have a maximum width of 12 or 15 feet, but most of the important 
ones do not exceed 6 or 8 feet in width. On the other hand, many of the veins 
pinch out completely for short distances. Fig. 23, (7, shows the variations in 
width of the vein at the lowest level of the Hodge mine. 

The veins are not perfectly straight, either horizontally or vertically, both 
dip and strike changing from point to point, usually in accordance with local varia- 
tions in the dip and strike of the fault plane. The variable course of some of the 
fissures is well illustrated in figs. 1 and 18. The dip of the vein is always at a high 
angle, usually 60 degrees or more; and local changes in dip are not great as a rule, 
those shown in fig. 25, illustrating reversal of dip at the Riley mine, being unusual. 
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Veins are occasionally reported as being overturned and lying flat, close to 
the surface, though none of this character were seen by the writer. Norwood in 
his report " has figured such a vein at the Henry Woods shaft. This phenomenon 
is evidently due to the creep of surface material in the direction of the slope. 

The shafts and cuts by which the veins have been opened are irregularly 
distributed along the fissiu-es, and although ore has been found at intervals for as 
great a distance as 2 miles along a single fissure, the veins have been too Uttle 

exploited to make it possible to state with 



North shaft 



i\T shaft 



South shaft 



any degree of certainty that the individual 
ore bodies are continuous for more than 
an eighth of that distance. In some 
instances it seems probable that the ore 
occurs in comparatively short, lenticular 
bodies at intervals along a given fissure. 
This may be the case along the Columbia 
fault, the ore variations here being such 
as to suggest it. The same seems to be 
true of the Tabb fault. In the latter 
instance some of the ore deposits at the 
Tabb and the Blue and Marble mines 
apparently occur not along the main 
Tabb fault but along near-by parallel 
faults. The longest continuously mined 
vein known to the writer is the Memphis, 
which, as shown in fig. 1, has been fol- 
lowed at the Memphis mine for about 
800 feet. Although the Yandell vein 
has been mined only at intervals, it is 
^ evident that the ore hodv at the Yandell 

mine (fig. 18) is practically continuous for more than 1,000 feet. While, therefore, 
the evidence as to the horizontal extent of the single ore bodies is far from satis- 
factory, it is apparent that some of them are at least a quarter of a mile long. 

There is, without doubt, as has been observed by others, some general thongh 
not very exact relation between the two dimensions of a fault vertical and hori- 
zontal — a relation sometimes actually seen in the case of small fractnrtvs. Wliat 
is time of the smaller faults is probably true in a general way of tlie larg< r (uu 
allowance being made for the effect of increasing pressure and of (hatiL^i'^ '111* ( jir_^ 
character of the rocks with increased depth. Where, therefore, faults ha:v-i^ij:i-r'Vt;:^ 

a Op. Clt., pi. 3, fig. 2. 
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Fio. 1.— General course of the vein, Memphis mine, at a 

depth of about 100 feet. 
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horizontal extent, a correspondingly great depth must be postulated, and if the 
length of a fault is measured by miles, it must extend or must have originally 
extended to a depth of several thousand feet at least. It must be remembered, 
however, that in this district we are dealing with truncated faults, the tops of which 
have been worn oflF by erosion at the surface, so that their present vertical extent 
is not the same as their original depth. Further, in the case of faults Hmited in 
length by intersection with other faults, the actual length of the surface, of course, 
is not necessarily a criterion of their vertical extent. 

The relation between the throw of a fault and its vertical range affords another 
criterion for judging the latter. In general, a fault with a displacement measured 
in inches will have a vertical extent measured by feet or yards at least. Where 
the throw is measured by hundreds of feet, as is the case with many of the faults 
of this district, it is probable that the fissure extends to a depth of thousands of 
feet. The maximum displacement is given by Mr. Ulrich as 14,00 feet. 

The occurrence of igneous dikes in itself indicates that some of the fissures 
extend below the base of the sedimentary rocks. All things considered, therefore, 
it is believed that the more important faults of the district extend to great depths. 

While this is true of the fissures, it does not necessarily follow that the veins 
which fin them extend to an equal depth; in most cases they probably do not. 
As with the fault itself, so with the vein — the length may be taken roughly as 
an indication of the depth. Changes in the physical and chemical characters of 
the rocks in depth, in the source of the ores, and in the direction of circulation 
of the ore-bearing solutions, will all affect the vertical extent of the deposit. A 
known length in two instances of from 800 to 1,100 feet, and in a number of cases 
a known depth of at least 150 feet (at which depth, as noted by Emmons^ in 
the southern Illinois deposits, the veins are of undiminished strength), would 
indicate a probable continuation of some if not most of the veins to at least the 
base of the St. Louis Hmestone, and probably well down toward the base of the 
sedimentary rocks, the conditions beneath the St. Louis depending somewhat on 
the factors already mentioned as affecting the depths of the deposits. 

Emmons has suggested ^ a possible variation in the mineral contents of the 
veins with the character of the inclosing beds, believing that these may be expected 
to diminish very much, if not to be entirely cut off, when the vein walls are formed 
by more siliceous and less readily soluble rocks. The mineral contents do without 
doubt vary to a greater or less extent with changes in the character of the rocks, 
although in the rocks at or near the surface fluorite, barite, and galena are all 
found in both sandstone and limestone. As noted elsewhere in this paper, how- 
ever, variation of vein width, due to differences in the character of the inclosing 

a Emmons, S. F., Fluorspar deposits of southern Illinois: Trans. Am. Inst. Min. Eng., vol. 21, 1883, p. 51. * t>Loc. dt. 
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rock, appears in the Kentucky district to result more from the diflFerent effects 
of faulting on the various rocks than from difference of solubility, although this 
also is doubtless effective to some extent. One effect of varying solubiUty which 
may be mentioned here is that while the limestone in and adjacent to the veins 
is frequently more or less replaced by sphalerite, the sandstone is not so affected. 

COMPOSITION AND STRUCTURE OF THE FISSURE VEINS. 

The vein in its simplest form consists wholly of evenly granular fluorite, 
unmarked, from wall to wall, by fractures or other structural features. This 
condition is seen in comparatively few cases, as, for example, here and there along 
the course of the Memphis vein. Usually, however, the vein includes other min- 
erals or dragged-in country rock, and it is frequently broken by banding or other 
structural features. 

Angular inclusions of country rock are common, tending, as a rule, to con- 
centrate near the margins of the vein. Occasionally scattered blocks occur as 
far out as the center of even the wider veins. Sometimes the contact of vein 
and wall is sharp, even where the former contains numerous rock inclusions. At 
other times, apparently less often, the vein grades into a cemented breccia of 
country rock with no well-defined wall. The contact of vein and inclusion is 
usually, though not always, sharply defined in the case of fluorite (see PI. XIII, 
A and S), less often so in the case of calcite. The rock fragments vary consid- 
erably in size, and frequently, where of limestone, they contain more or loss dis- 
seminated sphalerite; also at times scattered pyrite in minute grains, or small 
amounts of fluorite, galena, or calcite. Secondary silicification of llie included 
limestone fragments is common. Rarely in well-defined veins the rock fratrnionts 
are so numerous as to make mining unprofitable. 

In addition to its occurrence in fragments of country rock included in the 
vein, sphalerite is found at times disseminated in patches or streaks in the wall 
rock where this is limestone. It is met farther in very small amounts dissoniinated 
in the fluorite of the vein, and it also sometimes occurs in the rock fratrments 
of the vein, not disseminated but forming a thin layer over tluvir surfaces. 

Galena occurs in many of the fluorite veins, sometimes in quantities lar<^c 
enough to make it profitable as a by-product, though in most cases it is insiirnili- 
cant in amount. It is occasionally somewhat uniformly distributed throusxh the 
vein, but usually it is found in varying abundance in different parts. It Irciiucntly 
occurs concentrated close to the walls or in narrow bands parallel to tlu ni. 

Calcite, next to fluorite, is the most abundant vein mineral, and localK mav 
form the entire vein content from wall to wall. It also occurs in <:raiii> (u jVatchc- 
in and replacing the country rock close to the vein, or fillintx the '^'»''V>}v>;^;f:ain> , 
of the veined limestone. It is coarse grained as a rule, thoutrh s<)iii('TiiTit^"<;.it: i- 
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fine grained, replacing to a greater or less extent the limestone fragments in the 
veins. It occurs massive or in aggregates intergrown with fluorite; also in indi- 
viduals of irregular shape scattered in the fluorite. Fig. 5 illustrates some of 
these modes of occurrence. In banded veins some portions may consist wholly 
of calcite, while others may contain none whatever. (See figs. 19, 25, and 27.) 
Occasionally the calcite is associated with barite. Crystals of calcite are some- 
times found coating the walls of fractures in the veins parallel to the vein walls. 
Such a fracture completely filled with calcite showing comb structure was noted 
at the Hodge mine, the only well-defined example of this structure seen in the 
district. 

« 

Barite is conmion in some of the veins, although in many if not most of them 
it is not found at all. Taking the district as a whole, however, it is probably next 
in abundance to calcite as a vein mineral. In many cases where it occurs it forms 
only a small proportion of the vein, although occasionally it is the chief constit- 
uent, as at the Lowery mine, at one of the Myers prospects, and at the Bateman 
prospect. Seams in brecciated rocks and narrow veins sometimes consist wholly 
of this mineral. 

Barite occurs in all of the rocks in which fluorite is found — in Chester quartzite 
and in both Ste. Genevieve and St. Louis limestone. Where seen only in small 
amounts it was, as a rule, along the margin of the vein (see fig. 14) and never dis- 
tributed through it. When occurring with fluorite in seams, it sometimes shows 
symmetrical banding. 

The only vein of this mineral which has been developed to any extent is that 
on which the Ray and Lowery shafts are situated. Here the vein has a width 
of several feet near the surface, pinching to from 6 inches to a foot at a depth of 
30 or 35 feet. It consists almost entirely of barite, with a very small proportion 
of fluorite and calcite. It is more or less banded, and locally one of the central 
bands, from a fraction of an inch to 2 inches in width, contains a considerable 
amount of medium-grained sphalerite. 

The most pronounced structural feature of the veins is the banding shown 
to a greater or less extent by most of them, at least below the level of groxmd 
water. The vein may be divided into a few broad bands (figs. 5, 20, and 28) or 
into many narrower ones (PI. XIV) or both (fig. 20). The bands may not differ 
in mineralogic composition, the structure being brought out merely by partings 
throughout the vein or in some particular portion of it (as shown in fig. 20, near 
the southeastern wall), the planes of parting sometimes showing slickensiding. 
In most instances, however, the different bands show more or less pronounced 
mineralogic differences, and the structure may be due to this alone, as where 
fluorite and calcite occur intergrown along the margin of a vein of fluorite. Any 
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of the vein minerals just described may predominate in a given band, though the 
occurrence of sphalerite or galena as the principal mineral of a band is rare. As 
a rule, either fluorite or calcite is dominant. The figures just referred to show 
some of the variations seen in the different bands of some of the veins. 

As already noted, banding may sometimes occur where rock and vein matter 
alternate, as in sheeted rocks where deposition has taken place along the planes 
between the thin rock sheets. In one instance observed the thin bands of rock, 
in this case averaging only a quarter of an inch in thickness, had been com- 
pletely replaced by fluorite (much of it in minute cubes) and by quartz, these 
bands alternating with bands of fluorite containing scattered grains of galena and 
no quartz. 

Another structural feature, noted only at the Klondike mine, is a series of 
horizontal fractures (shown in fig. 5), believed to be due to the persistence of 
bedding planes where ore occurs as a replacement of bedded limestone. Tliey 
have the spacing characteristic of bedded Umestone and run across the fluorite 
and its included Umestone without break, both limestone and fluorite separating 
easily along the partings. They were noted at both upper and lower levels tlirough 
an interval of about 25 feet. For these reasons it is believed that they are not 
due to postmineral horizontal movements in the vein. It could not be deter- 
mined with any degree of certainty whether these partings were contimious from 
the vein into the wall or not. 

ORES CEMENTING BRECCIAS. 

Ores that cement breccias occur along or near the main planes of faultin«:. 
and, with increase in the relative amount of the cement, they grade into true fissure 
veins with included rock fragments. The breccia deposits may liave more or less 
the form of a fissure vein, one or both walls being well defined, or and this is 
the typical form on which this division of the deposits is based — th(\v may be entirely 
without definite walls, the differential movements havinj^: resulted in a <reneral 
brecciation of the country rock within a narrow zone alon*^ the course of the fault, 
usually accompanied by more or less irregular sheetin<^. Breccias of this type 
are largely confined to the more sihceous rocks, occurring sometimes in siHceous 
limestone, but more often in sandstone, especially that of the Bir(lsvill(» formation. 
Where this formation is found on both sides of a fault, sheet ino: and brecciation 
usually take the place of a single fault plane, the ores forming; the cement ol the 
breccia. Where, however, the amount of faulting is suflicient to hrin*: the Binls- 
ville and one of the lower formations into juxtaposition, there is usually .ii^\\cll- 
defined fault plane between the two, along which most of the on^ i^ •<Mi^flA^<!5^'b• 
a simple fissure vein, though in such cases the Birdsville rocks may 1 
and cemented for some distance from the fissure, as at the Koval min< 
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Usually the brecciation or sheeting of these rocks is not open, and the seams 
of ore are thin. Rarely, however, they may have a width of a foot or more. Such 
breccias have never furnished ore in paying quantities, so far as known. The 
cement of the breccia is similar to the filling of the fissures, consisting chiefly of 
fluorite, with small amounts of galena and sphalerite. Barite also occurs occa- 
sionaUy as a cement, having been noted, however, only in thin seams. The cemen- 
tation is often only partial, leaving open fractures lined with fluorite crystals or 
with drusy quartz. 

Although limestone seamed with calcite is common in connection with the ore 
deposits, definite breccias of the calcareous rocks cemented with ore are compara- 
-tively rare. One instance of cemented limestone breccia, which differs from those 
already mentioned in that only an insignificant proportion of the cement is fluorite, 
and which has not as yet been shown to be connected with a vein of fluorite, is at the 
Columbia mine, where siliceous Ste. Genevieve limestone has been somewhat openly 
brecciated and cemented, mainly with calcite, galena, and sphalerite. In places 
the cement is largely of galena and sphalerite, and, as usual where these minerals 
occur in this manner, they are coarser grained than where they are disseminated. 

As there is no known occurrence in the district of unsilicified limestone openly 
brecciated, it seems probable that in this case the silicification took place prior to 
the brecciation, the latter being due to the brittle character of the silicified rock. 
If this is true, it is most likely that the rock was silicified after some faulting had 
taken place, later movements along the fault plane producing the brecciation. That 
the movements along this plane did not all occur at one time is indicated by a 
brecciation and cementation of some of the calcite which forms the cement of the 
brecciated limestone. As stated elsewhere in this paper, these breccias are believed 
to be of somewhat limited extent, both vertically and horizontally. 

The ores at the Watkins and Drescher open cuts are suggestive of deposits ot 
similar character, oxidized and brought near the surface by erosion. 

METASOMATIC REPLACEMENT. 
BELOW THE BELT OF WEATHEBING. 

Replacement hy spJialerite. — Below the level of ground water, sphalerite is the 
principal ore that occurs as a metasomatic replacement, though occasionally small 
amounts of galena or fluorite are also seen replacing limestone. This is the chief 
mode of occurrence of sphalerite throughout the district. It is found in fine grains, 
usually less than 1 millimeter in diameter, disseminated in limestone, both in the 
walls adjacent to the fluorite veins and in the fragments of limestone found within 
the vein itself. While the grains are frequently distributed through the rock, they 
often tend to concentrate along or near the margin of the fragments included in the 
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vein, or along the edges of some of the seams in the wall rock. There are all degrees 
of replacement, from a few scattered grains to rock which to the eye consists wholly 
of sphalerite, but which under the microscope always shows, in the specimens 
examined, a considerable proportion of other minerals. The average and maximum 
size of the grains varies somewhat in different deposits, though in all observed cases 
of replaced limestone the mineral is fine grained. The sphalerite, as far as can be 
judged, attains a size independent of the grain ot the limestone which it replaces. 
Selective replacement of particular portions of the Umestone has been noted, although 
it is by no means common. In some of the oolite occurring at the Klondike mine, 
northeast of Crittenden Springs, the oolitic grains are the first poitions of the rock 
replaced, a single grain of sphalerite taking the place of one of oolite, though not 
conforming to it in size or shape. The sphalerite grains seldom if ever show well- 
developed crystal forms, though partial forms are not uncommon. 

Some Umestones appear to be more favorable for replacement by sphalerite 
than others, owing no doubt to slight chemical and physical differences. An example 
of this is seen at the open cut of the Tabb mine (No. 11, fig. 12) where the southern 
wall (St. Louis limestone) contains no ore, while a part of the northern wall (Birds- 
ville limestone) contains more or less, fine-grained, disseminated sphalerite, occurring 
in patches and streaks in the Umestone. Of the different limestones of the district , 
the Ste. Genevieve appears to be especially liable to replacement by sphalerite as 
well as by other minerals, as quartz, pyrite, and fluorite; and of this formation per- 
haps certain beds are more susceptible than others. 

In addition to the occurrence of sphalerite as a replacement in rock fragments 
in the vein and here and there in one or both walls close to the vein, more extensive 
deposits are occasionally found where the conditions for the lateral spread of circu- 
lating waters were especially favorable, as at the Old Jim mine, wliere single beds ol 
limestone have been largely replaced by sphalerite in places for a distance of '20 feet 
or more from the peridotite dike, adjacent to which the ores have been deposited. 
Some of the limestone beds here contain little or no sphalerite, while others are parth 
or largely replaced by iron sulphide (pyrite or marcasite), or by iron sulphide and 
sphalerite, the extent of the replacement of a given bed varying consideral)ly from 
point to point. The contact of the dike and country rock has here formed a trunk 
channel for the circulation of the ore-bearing solutions, which have spread widelv 
into the adjoining limestones. The dike itself contains no on\ 

Metasomatic replacement by oth^r minerals. — It may be fitting in tliis connection 
to speak of rock replacements by minerals other than sphalerite, which, while th(\v 
do not in general form ore deposits, are still of importance in a study of the ores with 
which they are usually associated. The occurrence of pvrite or nunc jisitejiloiiiied 
by replacement of limestone at the Old Jim mine has been mentioned . Vil^&^e.j' 
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the most extensive deposits of iron sulphide known in the district. At some of the 
mines (e. g. at the Ellondike) it is associated with sphalerite as one of the minerals 
replacing the limestone in or adjacent to the fluorite veins, and like the sphalerite it 
always occurs in small or minute grains or crystals, generally much smaller than 
those of the sphalerite. Other minerals found in connection with the vein deposits 
and under conditions similar to those under which pyrite and sphalerite occur are 
fluorite, galena, and quartz. Of these quartz is by far the most important, lime- 
stone completely replaced by it being of common occurrence. Galena is not common, 
being found occasionally in disseminated grains of moderate size. Fluorite is also 
of occasional occurrence, being usually found in moderately coarse grains with other 
metasomatic minerals in the altered limestone. It also occurs fine grained, the only 
instance noted being at the Columbia mine. In this case the replaced limestone was 
seen as a fragment in a matrix of moderately coarse calcite. A part of the lime- 
stone had been replaced mainly by sphalerite, the rest mainly by fine-grained fluo- 
rite, associated with very little sphalerite. The fluorite in thin section still shows 
outlines of some of the microscopic fossils originally contained in the limestone. 

The mode of occurrence of quartz differs in no respect from that of the minerals 
already described. All stages in the process of silicification are found, quartz first 
appearing in the limestone as a few scattered, very minute, frequently microscopic, 
doubly terminated crystals. These gradually increase in number till the entire 
rock has been replaced, the final result being an aggregate of microscopic grains, 
still giving some indication of crystal form though seldom showing good crystal 
boundaries. Any or all of the other minerals described in this section may occur 
with the quartz. This silicification of the limestone is most often noticed in the 
rock fragments found in the fissure veins, although it occurs in the country rock 
adjacent to the vein. Masses of this secondary rock outcropping at the surface 
have been noted near the Morning Star mine, southw^est of Salem, and at the New- 
Jim mine, on the Columbia fault, associated at the former place with fluorite and at 
the latter with smithsonite. The silicification of the rock fragments in the veins 
does not as a rule change their general appearance, as they still retain the gray 
color characteristic of the limestone, and their greater hardness is the chief difference 
apparent in the hand specimen. The outcrops near the Morning Star mine, how- 
ever, have the aspect of Birdsville quartzite. Rarely chert occurs altered to a rock 
like that just described. 

This silicification of limestone by quartz is believed to be related to the process 
of fissure filling, and not to be a common characteristic of the limestones of the 
district, although a slight degree of replacement by quartz is commonly found in 
the limestone. Several fragments of limestone, obtained from localities where no 
veins are known to occur, were dissolved in acid. A comparatively small residue 



140 LEAD, ZINC, AND FLUORSPAR DEPOSITS OF WESTERN KENTUCKY. 

was obtained from all, consisting mainly of minute, irregular quartz grains with a 
few stocky crystals of the same mineral. The replacement of limestone by quartz 
is common in fissure veins in general, and is therefore not believed to have any 
specific relation to the deposition of the fluorite in this district. To similar rocks 
from Aspen, Colo., Spurr has given the name jasperoid,** which he defines as 
follows: "A rock consisting essentially of cryptocrystalline, chalcedonic, or pheno- 
crystalline silica, which has formed by the replacement of some other material, 
ordinarily calcite or dolomite.'' The figures of these Colorado rocks given by 
Lindgren* might almost equally well represent the Kentucky jasperoids. 

Metasomatic replacement is not limited to limestone, but occasionally occurs 
in other rocks of the district as well. What is apparently silicified calcareous shale 
is found at Major Clemens shaft, near Crittenden Springs, and 125 feet west of the 
Columbia fault. This rock will be described later. At the westernmost opening 
of the Tabb mine a mass of fluorite occurs as a replacement of quartzite (fig. 13), 
which it simulates in general appearance and structural features. 

METASOMATIC REPLACEMENT IN TIIE BELT OF WEATHERING. 

Smiihaonite, — Zinc sulphate, the first product of the oxidation of sphalerite, 
taken into solution by the waters of the belt of weathering, reacts with the adjacent 
limestones as follows : 

ZnSO.+CaCOs^ZnCOj+CaSO, • 

The calcium sulphate formed is taken into solution and carried downward, hut 
only a small proportion of the zinc carbonate is thus removed, the greater part fonning 
a metasomatic replacement of the limestone. Almost an^^ partially weathered 
piece of the massive granular smithsonite shows here and there (^n the w (fathered 
surfaces rude remnants of some of the fossils, such as shells and fra<;inents of crinoid 
stems, which were contained in the limestone. Other features of the limestone 
reproduced by the smithsonite are occasional bedded structure with interbedded 
chert or scattered chert nodules. In one specimen eontainint]; chert nodules {\w 
smithsonite was analyzed qualitatively, showing it to consist mainly of zinc car- .^t 

bonate (probably as much as 95 per cent) wath less than 1 per c(»nt of lime and a J" ) 

small proportion of other substances, chiefly silica. I'nreplaced blocks of lime- 
stone occur here and there in the smithsonite. 

The metasomatic replacement of limestone by smithsonite is hy no means rare 
either in this or other countries; on the contrary, it is without douht the nuMhod 
by which considerable bodies of smithsonite are most often formed. Numerous > 

European examples of the replacement of limestone by "calamine' (< hieflw.ine- 

aSpurr. J. E., Geology of the Aspen mining district, Colorado: Mon. r. S. r.eol. Survey, v.il. :i '"^"'viJMj^^rJPv--''^. hT^^I f 

ft Lindgren, W., Metasomatic processes In fissure veins: Trans. Am. Inst. Min. V.wsi.. vol. .jo. i ' h ■ '*|i Ss^Bf^' ""' '"•■'•'' ' ' .l^^l i 

Genesis of Ore Deposits (reprinted from Transactions of the American Institutt- of Mining: JiiiLMiir. r- '■ '■ Vj CT ^^Ifci f-'V ^ '''-"' ' ^ '' ■ i^^^l 
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carbonate) are cited in the text-books of Phillips and Louis, Fuchs and De Launay, 
Beck, etc.*" In this country similar replacements have been noted by the writer 
in the Joplin district, Missouri, and if evidence bearing on this point were sought, 
the same thing would probably be found to be true in the other zinc districts of 
the Mississippi Valley. 

In the Kentucky replacements, it is believed that the reaction with limestone 
takes place soon after the sphalerite is taken into solution, and that therefore the 
smithsonite deposits are formed in the inmiediate vicinity of the original as well 
as the present sulphide deposits. Where sphalerite has been deposited in consid- 
erable amount, smithsonite will be found in correspond- 
ingly large quantity, as at the Old Jim mine. Here there 
is no definite fissure vein, the abundlEtnt sphalerite occur- 
ring in Umestone and free from galena or fluorite. Above 
ground-water level, massive deposits of zinc carbonate are 
found, following the general line of the sphalerite deposits. 

The smithsonite deposits, like those of the sulphide 
from which they are derived, tend to follow lines of frac- 
ture, partly because, as already stated, the zinc carbonate 
is formed in the vicinity of the original sulphide deposits, 
and also because such fractures furnish channels for circu- 
lation near the surface as well as at greater depths. 
Smithsonite occurs not only along fractures adjacent to 
which the sphalerite was deposited, but also along joint 
planes or other fractures in the limestone in the vicinity 
of the main fracture, especially those which intersect it. 
Such deposits, forming a narrow body from a few inches 
to a few feet in width, have been noted in apparent 
joints in limestone at a number of places. One of these 
occurrences is at the southern end of the Old Jim mine (fig. 
8, p. 177). The Mann and McDowell zinc-carbonate mines (fig. 2) furnish another 
example of the same thing. Here the main fracture itself may be a joint in the lime- 
stone, no evidence of faulting having been noted. The deposit along this fracture is 
narrow (not more than a few feet wide at most), the ore-bearing solutions not having 
spread much beyond the fracture into the adjacent limestone. Intersecting fractures 
(joints) occur at. the Mann No. 1 shaft and just north of the McDowell No. 1. In the 
latter no ore was found in that portion east of the main fracture, a small amount hav- 
ing been found, however, in the western division. At the face of the drift following 
the southwest fracture at the Mann No. 1 shaft a deposit of smithsonite was noted 
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Fio. 2.— Underground worklngB of 
Mann and McDowell mines. 



a Of. also Posepny, Genesis of Ore Deposits, 2d edition, 1902, pp. 139-135. 



142 LEAD, ZINC, AND FLU0B8PAR DEPOSITS OF WESTERN KENTUCKY. 

about 1 foot in width. Other joints intersecting the main fissure were seen at a 
number of points, but only in these two had any ore been found. The walls of 
these fractures at the depth reached consist of red clay, chert fragments, and masses 
of unaltered limestone. 

In addition to replacing limestone, the smithsonite at the Old Jim mine occurs, 
to a limited extent, replacing chert. Occasionally chert is found wholly changed 
to smithsonite, forming a white, very fine-grained ore, simulating chert in general 
appearance and known to the miners as flint carbonate. An assay of this ore (see 
p. 177) gave 51.8 per cent of metallic zinc. Some of the apparently little-altered 
chert occurring with the smithsonite yields from 3 to 10 per cent of zinc by assay. 

METASOMATIC REPLACEMENT IN RELATION TO THE FLUORITE DEPOSITS. 

In connection with the subject of metasomatic replacement the question arises 
what proportion of the massive fluorite of the fissure veins, if any, has been formed 
by the replacement of the limestone composing the walls of the original fissure, or 
of sheets of rock between adjacent fissures? There is little evidence bearing on 
this point, and that of a negative character. From the facts determined, however, 
the writer is led to the conclusion that the veins have been largely formed by fissure 
filling, although in some cases it is probable that there has been more or less replace- 
ment of the country rock by fluorite. 

In the simple veins the sharply defined and generally straight contact of wall 
and vein, and in typical examples the occurrence of unbroken fluorite from wall 
to wall; the slickensiding of one or both walls; the freedom of the adjoinin*^ country 
rock from fluorite as a rule; the moderate width of the veins in fj^onoral all these 
are suggestive of fissure filling. The fluorite itself gives little evidence that it 
constitutes a replacement of limestone, and contains no such impurities as would 
be looked for in such a case. All the limestones in which fluorit<^ was noted were 
subject to replacement by quartz, but quartz was not found, except locally in 
very small amount, in the better defined veins: and even these occurrences can 
always be better explained as replacements of fragments included in the vein than 
as replacements of larger rock masses. 

If there has been replacement of the limestone by fluorite, it has been complete. f ^ 

There are no indications in the vein of partially re})la('e(l limestone masses, and 
included fragments give no suggestion that they are residuals ol such iniperfint 
replacement, but generally show plainly their character as drajrjzed-in material. 

On the other hand, as has already been stated (p. MV.)) iluoritf^ has Ixmmi actually 
found, in limited amounts, replacing limestone and other rocks adjaciMit to tho 
veins or included in them. On the dump of one of the Tyric prosper t shafts st)nu* 
fluorite was noted containing minute cavities representin<: fra^niu iits of crinoid 
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here the conditions of deposition may be such as to furnish the key to the problem. 
If the character of the ore as a replacement deposit can be made out definitel^r, 
one difficulty is eliminated, as it is largely the uncertainty of the mode of develop- 
ment which renders the interpretation of the observed facts doubtful. For example, 
sphalerite sometimes occurs disseminated in fluorite, apparently formed by meta- 
somatic replacement of the latter mineral and therefore later. If, however, the 
fluorite itself is a replacement of limestone in which the sphalerite was previously 
disseminated, the order is reversed, the fluorite being the later mineral of the two. 

Considering such doubtful cases, and also the fact that most of the minerals 
may have frequently developed simultaneously, any general statement as to the 
order of deposition of the ores of this district is diflScult, if not impossible, to make, 
even though at times a definite sequence may be made out. Norwood in his report " 
on the lead region of Henry County, Ky., gives the probable succession of the 
minerals there as: (1) Lead (and pyrites); (2) zinc (and pyrites) ; (3) calc spar; (4) 
barytes; (5) calc spar. Emmons* doubts the existence of "any definite universal 
order,*' though he gives as the probable sequence for the southern Illinois deposits 
calcite, fluorite, galena, and sphalerite. 

The following specific occurrences showing the sequence of the different min- 
erals may be noted. At the Guill mine a seam of fluorite and sphalerite was seen 
in coarse calcite, which replaces the limestone walls of the seam, and is probably 
later than the fluorite. A seam in limestone from the Benard mine contained both 
calcite and fluorite, the former filling the body of the seam while the iluorite was 
found in grains, crystals, and small aggregates attached to the vein wall and occa- 
sionally showing crystal faces where in contact with the calcite. Calcite aiul 
fluorite occurring together in the fissure veins are sometimes so interpown as to 
suggest simultaneous development. 

No wholly satisfactory evidence as to the relations of fluorite and s|)lialentc 
was obtained. Specimens from the Lanham shaft, seen by the writer, showed 
coarse sphalerite apparently largely fiUing vugs in fluorite. At the Marble mine 
small crystals of ruby blende were seen on fluorite crystals liniiii; a small cavitv, 
but this sphalerite may have been secondary, and therefore deposited later than 
that usually seen. 

Sharply defined cubes of galena have been found in sonic of the Ihioritc from 
the Mary FrankUn mine. Galena has been noted in pjrains in fluorite at otiicr local- 
ties, although it usually occurs between the fluorite grains. Wliilc it is |)rol)ahIc 
that some of the galena is later than the fluorite, it seems likely that in nio>t ca>e^ 
the two were deposited simultaneously. 

"Norwood, C. J., A raconnoissanoe report on the lead region of Henry County with soim- ii..fi s ,,ii ( .\ 
counties: Oeol. Survey Kentucky, vol.2. part 7. new ser., 187.'., p.2f.5. 

f> Emmons S. F., Fluorspar deposit* of southern nilnois: Tnins, Am. Inst. Miii. Kntr.. vol. ji i^"' ;. p. 
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Fluorite and barite, when occurring together, are frequently intricately inter- 
grown. Where they have been noted in seams, the fluorite as a rule has been 
deposited before the barite, having formed in crystals or aggregates on the walls 
of the fracture, while the barite fills its central portion and is molded on the fluorite. 
Some barite and calcite from one of the Stone prospects showed a similar arrange- 
ment, the calcite having crystallized before the barite, and some of it show- 
ing rhombohedral outlines where in contact with the barite. In a specimen of 
seamed .quartzite from Pope County, 111., barite has formed here and there in aggre- 
gates on the walls of the seams, the main fiUing being moderately coarse-grained 
sphalerite. 

Galena has probably, in general, been formed prior to the deposition of sphal- 
erite. In one specimen, however, from Major Clemens shaft, galena was noted 
completely embedded in sphalerite, which occurred as a thin layer lining a cavity. 
Here the galena was evidently later than some of the sphalerite, but earlier than 
the remainder. 

Drusy quartz has frequently been noted in cavities and on the walls of frac- 
tures, some of it of comparatively recent origin. Occasionally, as at the Columbia 
mine, it occurs with other recently formed minerals, all found in small quantities 
and in small or minute crystals. At this place drusy quartz, associated with 
smithsonite, not only occurs on calcite crystals, but occasionally has been deposited 
in corrosion cavities in calcite. These minerals are also found on sphalerite and 
less often on galena. Calcite, and rarely a small crystal of sphalerite, are some- 
times .associated with the quartz on sphalerite, and one instance was noted of 
minute sphalerite on the drusy quartz. 

WEATHERING OF THE ORE DEPOSITS. 

The different minerals vary greatly in the readiness with which they yield to 
weathering and solution, some of them persisting and showing only slight effects 
long after others have completely disappeared. While, under favorable conditions 
any or all of the minerals may be found unaltered at the surface, as a rule none of 
them reach it without showing some sign of decomposition. The probable order 
in which the more important minerals of the district are weathered and removed 
through solution, as determined by observation, is as follows, beginning with the 
substance most easily acted on: (1) Sphalerite; (2) calcite, either as coarse calcite 
or as Umestone; (3) galena; (4) barite; (5) fluorite. 

Sphalerite usually disappears close to underground water level, and calcite 
not far above this level; while all the rest of the minerals persist in a greater or 
less degree to near the surface. 

As already stated, the first product of the weathering of sphalerite is zinc 

10696— No. 36—05 10 
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sulphate, which is readily soluble in water, and thus is taken into solution as formed, 

• 

leaving finally only the cavit es originally occupied by the sphalerite. The fact 
that limestone frequently contains these small cavities, due to the removal of 
sphalerite, while the latter is never found as one of the residual products of the 
weathering of hmestone, indicates the comparative readiness with which the sphal- 
erite is oxidized and dissolved. Occasionally in a single rock fragment may be 
noted cavities at one end due to the oxidation and removal of the sphalerite, suc- 
ceeded by a narrow zone of partially oxidized sphalerite, the other end of the frag- 
ment showing only the unaltered sulphide. 

The zinc sulphate, on reacting with the adjacent limestones in the belt of 
weathering, gives rise, in the manner indicated in the last section, to smithsonite, 
which, from an economic point of view, is the most important product of the weather- 
ing of the sphalerite. In addition to its occurrence as a replacement of limestone, 
some zinc carbonate is also formed by the reaction of zinc sulphate with calcium 
bicarbonate in solution. In this way have doubtless been formed the small amounts 
of smithsonite that frequently occur in weathered portions of the veins, mainly 
as crystal aggregates or thin coatings in small cavities in the fluorite. The 
amount of smithsonite formed by either method varies, naturall3% with that of the* 
original sulphide, and as only small amounts of sphalerite, as a rule, occur in con- 
nection with the fissure deposits, the amount of smithsonite found in the oxidized 
portions of the veins is correspondingly small — insignificant in all eases known 
to the writer. Rarely, small amounts of zinc silicate are found as a produet of the 
weathering of sphalerite. 

Cadmium sulphide, as greenockite, is probably found wherever splialeriie is 

being oxidized, and has been noted as one of the minor products of its weathering 

at many of the mines of the district. Where sphalerite is abundant . trnvnockiie 

is very common, as at the Old Jim mine. Below ground-water level ih(» eadniimn 

sulphide occurs in very small amounts (probably only a fraction of 1 per cent' 

as an impurity in sphalerite. On the oxidation of tlie sphalerite the eadniinni 

sulphide is also oxidized, being taken into solution as eadniiuni sulphate. A «:on(l 

deal of this is precipitated near, and usually a little above, water level, at the e\])en>e 

of the unaltered sphalerite, a part of the latter passing into solution as zinc sulphate. 

while the cadmium is deposited as the sulphide, greenockite. The reaction is a> 

follows:^ 

CdSO, + ZnS = CMS + ZnSO, . 

The calcite and limestone are weathered niainlv hv sohition. TUv^ «vin;ill 

»■ ft U J 

r 

amounts of impurities occurring in both (especialh^ in the lattei ) uir laiL^Hx iiinh- 
solved, remaining in the form of residual clays. ' i^ii 

aXhis reaction was first suggeste<l to the writer by Mr. W. (Jcorge Warinp. wlio stairs tli;it Ik Im 
in the laboratory. 
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Galena is frequently found unaltered close to the surface of the ground, and 
even where weathering has taken place it is often only partial, completely tiltered 
galena having been only occasionally found. Weathering usually begins on the 
outside, though sometimes from within, in cases where the interior is more easily 
reached by surface waters. Such internal alteration has been noted in some 
instarces where galena was completely embedded in massive smithsonite. Some- 
times the products of weathering are carried off in solution, leaving the galena 
more or less corroded; more often they are largely retained. Weathering most 
often results in the formation of a more or less impure lead carbonate. Very small 
amounts of pyromorphite and sulphur also occur as alteration products of the 

galena. 

While according to Comey" the solution of barium sulphate in pure water is 
more difficult than is the solution of fluorite, it seems probable, from observation, 
that in this district barium sulphate in the form of barite is on the whole more 
readily weathered than fluorite, doubtless owing, in part at least, to physical differ- 
ences in the two minerals and in their aggregates. 

In weathering, barite is apparently merely dissolved and carried off, although 
it may be altered to the carbonate before its solution. No barium carbonate was 
noted, however, at any of the deposits in the district. At best, the solution of 
barite is difficult, and it is found, therefore, near the surface of the ground, fre- 
quently as float material on the surface. In weathering it first loses its slight 
luster, becoming duller, whiter, and more chalky in character. It then gradually 
softens somewhat and becomes more or less discolored with iron oxide. Small or 
minute cavities may develop in it, frequently lined with minute crystals of barite. 
The mass tends to disintegrate, but some portions of it weather more readily than 
others, and the less weathered portions give rise to the gravel and lump barite 
which forms the surface float. 

Fluorite, like barite, is difficult of solution, but that it is attacked by surface 
waters is shown by the occasional occurrence of fluorite crystals with etched faces, 
or less often of massive fluorite more or less corroded. It is probably taken into 
solution largely as calcium fluoride, although in the process a small amount of 
alkaline fluorides doubtless form. Wherever the massive fluorite comes within reach 
of the surface waters, especially within the belt of weathering, the latter gradually 
percolate along the division planes between the individual grains, causing slight 
solution and a breaking up of the more massive form into a somewhat loose mass 
of grains — the gravel fluorspar of the district — usually still retained within its 
bounding walls, so that the form of the vein is preserved nearly to the surface of 
the ground. Small patches ot ** gravel spar " are also common in the clays adjoining 

"Comey, A. M., Dictionary of Chemical Solubilities, 1896, pp. 73 and 419. 



148 LEAD, ZINC, AND FLUORSPAR DEPOSITS OF WESTERN KENTUCKY- 

the veins. With the gravel fluorite are blocks of the still massive mineral — the 
lump fluorspar. Calcite and rock fragments occurring with the fluorite, being 
more readily soluble, are dissolved, frequently Jeaving the mineral, where it still 
retains the massive form, in a honeycombed or cavernous condition (PL XIII, B) , 
usually with more or less red clay in the cavities as the residual of the dissolved 
substances. 

The disintegration of the siliceous rocks, including sandstone and quartzite, 
jasperoid and siliceous limestone, results in the formation of sandy soils, some of 
which, as those from siliceous limestone, are composed largely of minute or micro- 
scopic but well-developed quartz crystals, as noted at the Givens mine. The 
residual quartzose material at this place contains scattered patches of kaolinite 
almost or wholly free from quartz. 

RELATIONS OF THE COUNTRY ROCK TO THE CHARACTER OF THE ORE 

DEPOSITS. 

These may be both physical and chemical, the latter being less easily deter- 
mined, and, as far as indicated by the writer's observations in the field, of less 
importance economically. 

The composition of the vein is, to a limited extent, dependent on the chemical 
character of the rocks forming the walls of the fissure, the most noticeable effect 
of differences in this respect being the greater abundance of calcite in veins 
where the walls are of limestone as compared with veins in sandstone. Deposits 
wholly confined to the latter rock are practically free from calcite, but this economic 
advantage is so far offset by unfavorable physical conditions as to bo uninn)oitant. 
It seems probable, also, that a more thorough study ot the district would sliow 
greater relative abundance of calcite in the veins adjacent to certain of the calcaroous 
formations or to certain members of a given formation. Unusual amounts of calcite 
have been most often noted where the Fredonia member of the Sto. Gonevicve 
limestone forms one of the fissure walls. Whether this is o^enerally true or not can 
not be stated, though it seems probable that in the observed instances it is sonietliini: 
more than the mere irregular local variation in composition common to all veins. 

No relation has been ascertained between the variation of fluorite, oraicna, or 
barite and the character of the adjacent country rock. The sphalerite occurrin^^ 
as a metasomatic replacement of limestone adjacent to the fissure veins varie> 
somewhat in amount with the character of the country rock, l)eino;, so iar as the 
writer's observations show, more abundant in the Ste. Genevieve than in the St. 
Ijouis limestone. 

The width of the veins also maybe more or less affected by the clieiiHr 
acter of the adjoining country rocks, depending on their soluhihty and f 1 
to replacement by the vein minerals. Of the rocks of the clistri( l tj 
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have these characters in the highest degree, and it seems probable that the veins 
in these rocks, in many instances, have been more or less widened through meta- 
somatic replacement, although, as already shown, the proportion of such increase 
in width can not readily be determined. The replacement of sandstone by vein 
minerals has been on the whole insignificant in amoimt. 

The relations of the physical character of the country rock to the ore deposits 
resolve themselves largely into the effects of faulting on the rocks of the different 
formations penetrated by the fissures. As has already been shown, the more sili- 
ceous rocks are deformed rather by brecciation and irregular sheeting than by 
simple, clean-cut fractures — which are characteristic of the calcareous rocks — and 
the resulting ore body in the former case is mainly a cement to the breccia, while 
it is principally a fissure filling in the latter. 

The best-defined fissure veins therefore occur where the two walls are of lime- 
stone. Such fissures may occur either in Ste. Genevieve or St. Louis limestone 
alone or between the two where they have been brought into juxtaposition through 
faulting. Well-defined veins seldom occur in Cypress and Birdsville rocks alone, 
mainly for the reason that these formations consist chiefly of sandstone, with 
subordinate shale and limestone members. Where one wall of the vein is of lime- 
stone and the other of sandstone or quartzite the vein is usually weU defined and 
the limestone wall is generally the more sharply marked. 

The differing effects of deformation on the different rocks, especially limestone 
and sandstone, and the consequent differences in the resulting ore deposits, are 
probably not confined to the rocks which outcrop at the surface within the district' 
but similar differences may be expected in the rocks beneath the St. Louis limestone. 
If, then, in depth, both walls of a fissure should change from limestone to sandstone 
(a purely hypothetical case) , the well-developed vein in the limestone might pass 
into a cemented breccia in the sandstone. At still greater depths such a breccia 
might pass again into a well-defined fissure between limestone walls. This has a 
bearing even on the present condition of mining, for where a cemented breccia is 
found in sandstone, definite faulting having occurred, a well-defined vein may be 
found at a greater depth, where the fault passes from sandstone into limestone. 

VARIATION IN THE RELATIVE ABUNDANCE OF THE VEIN MINERALS WITH 

DEPTH. 

The present knowledge of the district, obtained through mining, is too incom- 
plete to warrant a final statement as to the variation of the ores with depth, but, 
so far as has yet been determined, there is no definite law governing such variation 
except such relations as have just been shown in connection with changes in the 
character of the country rock. Even the differences due to this cause are probably, 
in some cases at least, subordinate to the general irregular local variation in vein 
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composition. Taking the veins as a whole, fluorite is seen to be the dominant 
mineral, and there is at present no reason for believing that this relation changes 
with increase of depth — at least to the base of the St. Louis limestone. 

In the deeper workings of the Memphis and Holly mines the proportion of 
calcite admixed with the fluorite has increased so greatly as to give rise to the fear 
that the fluorite may be entirely replaced at greater depths. As, however, the level 
at which this increase of calcite takes place corresponds in both mines to the basal 
part of the Ste. Genevieve limestone, it seems safe to assume that the change is due 
merely to the influence of the country rock on the vein composition. If this is the 
case, there is no apparent reason why the predominance of fluorite should not be 
reestablished when the St. Louis limestone is reached, since this formation, as is 
well known, forms one of the walls in several of the best fluorite mines in the district. 

SECONDARY ENRICHMENT. 

Deeper mining would be necessary before it could be determined whether any 
considerable secondary enrichment by waters descending from the surface has taken 
place. At only a few mines are the ores worked below ground water, and those 
have not reached a suflBicient depth to justify comparison. No appreciable enricli- 
ment has been noted by the writer in any part of the district, although very small 
amounts of secondary sphalerite, fluorite, and barite which could be with certainty 
identified as such have been obser\'ed. 

GENESIS OF THE ORE DEPOSITS. 

The various writers" on the lead, zinc, fluorite, or barite deposits of western 
Kentucky and southern Illinois, so far as they have expressed any \ie\\s as to the 
origin of these deposits, have been generally agreed that they wen* hunied lioni 
solution, and that the source of the ores has been one or another of the Hniestone 
formations of the region. With these yiews the present writer is in accord. 

The intimate association of the fluorite with other niinc^rals known to have* 
been deposited from solution, the fact that it is known to \h^ somewhat sohihle 
both in pure water* and in ordinary surface and undertrrouiul wattMs and to have 
been actually deposited from such waters, and the fact that the* lluorite in the vein> 
is generally sharply limited by the fissure walls, which, oxcept lor the ejl'ects <.| 

aNorwood, C. J., Report of a reconnoissancc in the lead region of LiviiiKsioii. ( riftni.i.ri ,,ih1 ( ,11^, n ,oiii,t],. 
Geol. Survey Kentucky, pt. 7, vol. 1, 2d series. 1876, pp. 4()l-4W. A m-onnoissaiuv n|...ri ..„ r).. 1..,.) ,.^^,,., ,., i(,.,,rv 
County: Geol. Survey Kentucky, pt. 7, vol. 2, 2d series. 1H77, pp. mi 2r).-.. Shalcr. \. s.. ( tn f h. ..n^-iii -t I'u -.i. :, , ,<, [„.-,i 
of the upper Cambrian rocks of Kentucky: Geol. Survey KenUicky. pt.s. vol. 2, lM .siri.>. is;:, pi,. .':•. .-..■ | r;.,! ';^ - 
Fluorspar deposits of southern nilnols: Trans. Am. Inst. Min. Kiig., vol. 21. lHt«, pp. ..j v;. n.,ni ii \ i., r i ^ t 
Survey No. 225, 1904, p. 510. 

/'Wilson, George, Trans. Roy. S(x«. Edinburgh, vol. ifi. iKV.i. pj,. \\r, hm. K(]i„. x,.„ \']n\n<. i.. ,r \., * * 
230-233. Comey, A. M., Dictionary of Chemical Solubilities, \s\h\, p. :;{. •''^^l^i'^ •? 

<-Bl8Chof, Gustav, Klements of Chemical and Physical Geology. Translate<l bv n. FI. Paul, v-.i ,^ , , '^V?^^*, >' 
lated by B. U. Pauland J. Drummond, vol. 1, lM.-h4, p. 14. " - .^.*^i^.i . 
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recent surface waters, show no corrosion or other action such as might be caused 
by fluorine gas or molten fluorite, would seem to render it unnecessary to consider 
further any other mode of deposition than that from circulating underground 
waters. Equally strong evidence may be adduced for the deposition of the barite 
from solution. The only question, then, to be considered is that of the original 
source of the fluorite, barite, galena, and sphalerite. 

While it is the writer^s opinion that the fluorite was originally derived from 
limestone, it is not impossible that its source may have been the magma from 
which the peridotite dikes were derived. It is not probable, however, that the 
dikes themselves are the source of the fluorite, chiefly on account of the total vol- 
ume of the fluorite veins as compared with that of the igneous dikes and the very 
small fluorine content of the peridotite. While the latter contains two possible 
fluorine-bearing minerals, biotite and apatite — the former usually abundant and 
the latter a common accessory in all the rocks — the analysis^' of peridotite from 
the Flanary dike shows only a doubtful trace of fluorine. Further, the association 
of fluorite with galena, sphalerite, barite, and calcite, all of which were probably 
derived from limestone, makes it likely that the fluorite itself has the same source. 

Of the sedimentary rocks, limestone is much more favorable for the original 
deposition of the ores with which we are dealing than either sandstone or shale. 
Fluorine, barium, lead, and zinc are among the many substances shown by the 
researches of Forchhammer and others to exist in the waters of the ocean. From 
these waters they are somewhat concentrated by marine animal and vegetable 
life. Of the substances named, the ashes of marine plants have been found to 
contain lead, zinc, and barium, while calcium fluoride has been found as a constit- 
uent of corals and shells, besides occurring in the bones of marine fishes and mam- 
mals. Corals, shells, and marine plants are shown by their fossil remains to have 
been abundant, at least locally, in the limestones of the Mississippi Valley, so 
that the various minerals concerned might naturally be expected to be widely 
di^eminated in minute quantities in these rocks, though doubtless somewhat 
more abundant in some than in others. That lead and zinc are thus widely dis- 
seminated has been shown by actual large-quantity analyses by Winslow and 
Robertson* and by Calvin and Bain,^ minute quantities of these metals having 
been found in pre-Cambrian, SUurian, and Carboniferous rocks in Missouri, and 
in Ordovician rocks in Iowa. No large-quantity determinations for fluorine have 
been made so far as known, though such analyses for both this and barium would 
doubtless show them to be as widespread as lead and zinc. Emmons'' refers 

« Am. Jour. Sci., 3d scries, vol. 44, 1882, p. 288. 

f> Lead and zinc deposits: Geol. Survey Missouri, vol. 7, 1894, pp. 4ftM81. 

c Geology of Dubuque County: Geol. Survey Iowa, vol. 10, 1900, p. 567. 

ef Emmons, S. F., Fluorspar deposits of southern Illinois: Trans. Am. Inst. Mln. Eng., vol. 21, 1893, p. 52. 
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to the frequent occurrence of fluorite ^'segregated in small cracks and cavities 
in the Lower Carboniferous limestones throughout this region." He states fur- 
ther that '^ according to Kunz it is found in geodes in the limestone of the same 
horizon at St. Louis." A specimen of unaltered limestone collected by him at 
a distance from any known deposit of fluorite was found when examined chem- 
ically to contain ''an appreciable quantity of fluorine." Similar samples were 
collected by Mr. Ulrich and the writer from the Kentucky district, and ordinary 
analyses of these, based on about one gram of material, were made by Mr. George 
Steiger in the Survey laboratory, a specimen of Lower Carboniferous limestone 
from southwestern Missouri being also analyzed for comparison. The results 
were as follows: 

Analyses of ocliU and limestone from Kentucky and Missouri. 



1. 


2. 


3. 


» 4. 


MgO 


0.15 

1 


1.48 


0.19 


1.33 


CaO 


55.16 


51.75 


49.94 


52.24 


F 


.04 


.10 


.10 


None. 


BaO 


None. 


None. 


.02 


None. 


Organic matter 


Trace. 

1 


Doubtful trace. 


Not determined. 


Doubtful trace. 



1. Ste. Genevieve oolite from near View, Ky. 

2. Ste. Genevieve limestone from a little less tban half a mile southwest of Crider, Kv. 
3 St. Louis limestone from the northern part of Crittenden County, Ky. 

4. Lower Carboniferous limestone from about 5 miles southeast of Joplin, Mo. 

These results show the presence of fluorine in small quantities in all except 
the limestone from Missouri, and of barium in only one of the speeiniens. 

The probable wide distribution of barite in minute quantities in tlu^ lime- 
stones of the Mississippi Valley is shown by Robertson's analyses,' some haiium 
sulphate having been found in all of the limestones, both Silurian and Lower Car- 
boniferous, in which it was sought. 

The widespread dissemination of the ores admits of two interpretations — 
either that this condition is largely original or that it is secondary and that the 
solutions which have concentrated the ores in favorable places have also in their 
general circulation through the rocks disseminated them extensively. Calvin and 
Bain^ have shown the probability of the former, althou^jh the hitler is al^o tvuo 
to a greater or less extent, for as long as the solutions are ore hearinir they will 
deposit whenever and wherever the conditions both chemical and |)hy>iral aic 
favorable for deposition, whether they follow trunk channel^ of rJK iilan<>ir m 
slowly percolate through the country rock, the conditions heinir. <>! < <Hii>t;Hriir i. 

"I^ad and zinc deposits: Geol. Survey Missouri, vol. 7. IVM. i'|». \^\ l>; 
fr Geology of Dubuque County: Geol. Survey Iowa. v(»l. i(t. 1'.*<k). it].. .■)<><»-. ,70. 
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favorable for abundant deposition along and near the main channels of under- 
ground circulation. 

From this widely disseminated condition in the limestones the ores have been 
taL 1 into solution in minute quantities, and have been carried into the general 
circulation. The minerals have doubtless been taken up and reprecipitated many 
times before reaching the main channels of circulation, which for this district 
largely follow the faults and fractures. Here, the conditions being favorable for 
abundant precipitation, they have been concentrated, being gradually deposited 
in the fissures and fractures as veins, in the breccias as a cement, and in the adjacent 
coimtry rock as disseminated ores. 

Bain^ has noted the common association of lead and zinc ores with dolomite 
or dolomitized limestone as an argument for the derivation of these ores from the 
Cambro-Silurian limestones. In this district, however, the limestones with which 
the ores are associated are, so far as known, nondolomitic, as shown by the analyses 
just given, nor is even any secondary dolomite, such as is found in the Joplin dis- 
trict, known to occur. 

While no definite statement can be made at this time as to which formation 
has yielded the ores now concentrated in and near the fissures, it seems probable 
that the ore-bearing solutiona came largely from the rocks below the Carboniferous 
formations, especially in view of the occurrence of the peridotite dikes and of the 
deep-seated character of many of the fissures which they indicate. Faulting in 
the district is complex, and the systems of underground circulation must be equally 
so. The general circulation in the country rocks must take place largely between 
the fissures, so that it is possible that all the limestones have furnished ore to some 
extent, A more thorough knowledge of the exact composition of the various 
Umestones of the region would doubtless throw some light on the problem, as 
would deeper mining also. Emmons^ has suggested that a change in the mineral 
contents of the fissure from mainly fluorite in the Carboniferous to mainly barite 
in the Silurian rocks would furnish ''most forcible and convincing proof * * * 
of the derivation of the vein material from the enclosing rock, especially if it is 
found also that barium is more common in the lower country rocks, as fluorine 
is in the upper." 

The occurrence of a number of igneous dikes having the same general trend 
as one of the systems of fissures and probably introduced at the time of the general 
faulting of the region, and the consequent probabiUty that the waters circulating 
in the fissures at the time the ores were deposited were thermal, makes it likely 
that they were ascending, and that therefore the ores were in large measure derived 

a Bain, H. F., Preliminary report on the lead and zinc deposits of the Ozark region: Twenty-second Ann. Rept. U. S. 
Geol. Survey, pt. 2, 1901, pp. 211-212. 
b Op. dt., p. 53. 
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the Evening Star vein, but the ore here is very different from that at the Columbia 
mine, consisting mainly of fluorite. Whether the cemented breccias along the 
Columbia fault are localized horizontally and of limited vertical extent — as the 
writer's observations would lead him to conclude — must be determined by future 
development. 

Among the minor products of the district is barite, of which a few productive 
veins have been found. The deposits of this mineral, however, which are suflB- 
ciently pure and wide enough to mine profitably are rare, and barite mining can 
hardly be expected to be one of the more important industries of the district. 

SUGGESTIONS FOR PROSPECTING. 

In prospecting for ore the conditions under which it is found must first be 
considered. It occurs, as has been seen, along or adjacent to fractures, chiefly 
because these have furnished the most convenient channels for the circulation 
of the ore-beaHng solutions. That these fractures are still used by circulating 
waters is indicated by sink holes along some of them. While these taken separately 
point only to a connection with some underground water channel, a linear series 
of such holes may indicate that a fracture or fault exists along this line. Such 
a conclusion does not necessarily follow, however, and, as as a nile, prospecting is 
to be discouraged when the evidence of sink holes is not confirmed by other more 
reliable indications. 

Good evidence of faulting is given when rocks of two distinct forinations, or 
of different horizons of the same formation, as for instance a Ste. Genovievo lime- 
stone and one of the sandstones of the Birdsville formation, outcrop on tlic same 
level and within a short distance of each other; or when a strip of ''Hint land" 
adjoins limestone or sandstone land, with the boundary' line between them abnipt 
and approximately straight. A trench dug across this line should intersect the 
fault plane. In the case of the flint land, the limestone from which the flint (chert ) 
is derived is likely to be much more deeply decomposed than the limestone or sand- 
stone on the opposite side of the fault. Therefore, for economic reasons, the test 
shaft should be sunk in the red clay containing the chert, so that it will just clear 
or barely include the edges of the strata of the less deeply decomposed oi)p()sit 
wall. In most cases the latter will prove to be the hancrin^]^ wall. 

A reUable and common indication of a fault is the sudden hendini^ upward oi 
downward, near their line of contact, of litholo^ically dilTerent stint a a^ Un 
example a sandstone and a limestone — W'hich lie approximately liori/.oi.ial larihn 
away from this line. Where such bent strata are of similar rocks, li(»u< \.( r. pi 
pecting is not to be advised on this evidence alone. -^-hrJ- 

A linear series of outcrops of hard, silicified sandstone ((juait/iT 
if sheeted and showing slickensiding, is one of the best evidences of l.rfl 
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outcrops usually mark the dividing line between areas of sandstone and limestone. 
Liberal prospecting is advised in these cases. Test shafts should be sunk as nearly 
as possible on the line dividing the quartzite from the limestone, or the clay resulting 
from its decomposition. 

Seamed limestones usually accompany the well-defined veins, but they have 
also been found where there are no known veins, so that this indication is valuable 
only in connection with other confirmatory evidenbe. 

Experience has taught that fractures showing mainly or only sandstone and 
shale on both sides are almost invariably unproductive. Even when one of the 
comparatively thin limestones of the Birdsville formation outcrops on one side of 
the fault, the prospect is not likely to lead to anything worth development. In the 
present stage of mining in the district, all prospecting in areas where one or another 
of the three massive limestone formations does not outcrop is to be discouraged. 

In addition to the occurrences along fractures, ores may be deposited adjacent 
to an igneous dike, for the same reason that they have been deposited along faults — 
that the plane of contact between dike and rock may have been favorable to the 
circulation of ore-bearing solutions. It must be remembered, however, that beyond 
this there is no genetic relation between the dike and the ores, and that ore deposition 
does not necessarily occur in such places. 

Since the veins are vertical or highly inclined and outcrop at the surface, the 
conditions are favorable for finding '^fioat" ores along and near the line of outcrop. 
Since, further, no horizontal deposits of any extent are known to occur in this 
district, drilling for ore is of little or no value. 



CHAPTER III. 

DESCRIPTIONS OF THE MINES OF THE DISTRICT. « 

DISTRIBUTION OF THE DEPOSITS BY COUNTIES. 

Crittenden County. — The ore deposits thus far developed in the western Ken- 
tucky district are somewhat unevenly distributed among the three counties considered 
in this report. At the present time, as in the past history of mining in this region, 
the mines of Crittenden County include not only the largest producers in the district, 
but the largest number of productive veins as well. It is plain that the conditions 
for ore deposition have been especially favorable in this part of the district, but 
a further reason for the preeminence of this county is doubtless to be foimd in its 
more thorough prospecting as compared with the other two. The mines are almost 
entirely confined to the western part ot the county, between the Tabh fault on the 
south and a line running northeasterly from Lola, on the north. There are few jmos- 
pects within the areas of St. Louis limestone in the northwestern and soiithAvestorn 
parts of the county, while in the extensive area of rocks of tlie Cypress, Tribune, 
and Birdsville formations in the eastern part there are practically no mines nor 
prospects, with the single exception of the Lucile mine at Marion. The prc^sent 
eastern limit of mining is marked approximately by a southeasterly line tlu-ough 
the Memphis and Lucile mines. 

Most of the mines yield mainly fluorite. From several along the Columlna 
fault the ore is chiefly sphalerite (or smithsonite) and galena; while two grou])s 
yield only zinc ores — the Mann-McDowell group in the western part of the county 
about IJ miles northeast of Lola, and the Old Jim group, including the Old Jim ^^^ 

mine and a number of openings extending for more than half a mile to the soutlieast . 
Each of these groups is located on a northwesterly fracture, thus diifering from 
most of the mines, which are on northeasterly fissures. Other nortliwesterly fractur<\<i 
yielding ore — in these cases mainly fiuorite — are the Holly, Kureka. Lanhani, 
Levias, and Matthews. 



a During the month and a half spent In thiP district the writer was ably Hssisto<l l.y Mr. F. inlin- P..',. 
also the hearty cooperation of all the mining men with whom he eume in contHct. He wisln^ to ( xjif <s 
on his own behalf and on that of the United States Geological Sun'cy, for the assistrtiice oi nil tlio-. w 1 1 . /i I'^i^.'ITr : 
hia work for the Survey in this district. 
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While there are a number of barite prospects in this county, no important 
deposits of this mineral have as yet been discovered. 

Livingstone ounty, — Although there are a number of mines in Livingston County 
which have yielded fluorspar in the past, none was actually shipping when the 
county was visited. Comparatively few well-defined veins have as yet been found, 
and few, if any, of these, so far as they have been exploited, appear to be com- 
parable to the better veins of Crittenden County. Over a large part of Livingston 
County north of the Cumberland River, the surface rocks belong to formations above 
the Ste. Genevieve, and within this area of generally unfavorable rocks there are no 
known mines or prospects. The latter are confined to the much faulted eastern 
border of the county north of the Cumberland and the central portion bordering 
this river, and these are by far the most promising portions of the county. Within 
the area of St. Louis limestone in the southern part of the county no veins are known 
to occur, nor were any noted by the writer north of this, bordering the Cumberland 
River on the south, although the geologic conditions here, between Smithland 
and Tiline, are by no means unfavorable to the occurrence of fluorite veins. 

While fluorite is the chief constituent of most of the veins, there are a number 
of prospects at which barite is the principal vein mineral. At two of the prospects 
northeast of Hopewell Church some smithsonite is also found associated with 
fluorite. 

Caldwell County. — The mines and prospects so far discovered in Caldwell 
County occur in a strip 8 or 4 miles wide extending diagonally across it from the 
northwest to the southeast border. In the northeast half of the county there 
seem to be no valuable deposits of either lead, zinc, or fluorite. Prospecting in 
this county has not been so extensive as in Crittenden or even Livingston County, 
nor has it met with the same degree of success. Since the region, especially in 
the strip before mentioned, is traversed by numerous well-marked fault planes 
separating the same geologic formations as those in which valuable deposits 
have been found in the other counties, and as fluorite veins have been observed 
as far east as Friendship, there is no apparent reason why systematic prospecting 
may not result in the discovery of paying deposits of this mineral in this county. 

Of the present mines and prospects in this county the Marble and the Ray 
and Lowery are on nearly east-west fissures, the Tyrie prospects are located on a 
fissure with a direction a little north of- east, while the Senator mine and the Stone 
and Dodds prospects are in a northwesterly fault zone. The Ray and Lowery 
barite vein has been already mentioned (p. 135); the rest yield mainly fluorite, 
the vein at the Senator shaft showing a considerable proportion of galena and 
sphalerite with the fluorite. The Marble mine is the oldest of the present mines 
of the county, having been worked intermittently for many years, chiefly for its 
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lead ores, but apparently at no time with much success. The best defined fluorite 
vein seen in the county occurs here, with a noted width of from 2 to 7 J feet. 

General conditions, — Taking this western Kentucky district as a whole (as 
shown on the map in PL II), it will be seen that there is a large unprofitable or 
practically barren area on the east and another on the west, composed chiefly of 
formations above the Ste. Genevieve. There is, in addition, a large unproductive 
area of St. Louis rocks on the south, and another smaller one on the north. The 
mines and prospects as a rule are confined to a strip, not more than 3 or 4 miles 
in width for the most part, lying between these larger barren areas and apparently 
corresponding to the belts of the most abundant and extensive faulting. The 
most productive mines at the present time are confined to the center of the district 
between the northern and southern areas of St. Louis limestone. 

The groups of mines described in the following pages are not in all cases the 
most important of the district, but they are presented as more or less typical exam- 
ples, and it is believed that the descriptions given will fairly indicate the general 
character as well as the individual differences of the deposits throughout the district 
so far as they have been developed. Other peculiarities not noted here have been 
discussed in an earlier part of the paper under the general character of the ore 
deposits. The mines and prospects are considered by groups rather than as inde- 
pendent units, as it is believed that this method best brings out the mutual relation- 
ships at the different localities considered. 

THE MEMPHIS GROUP. 

All of the mines and prospects of this group are on or near faults tliat are 
nearly parallel, with a northeasterly trend, and apparently slight throw. Tlie 
Memphis mine is located on one of the two most important of these faults, while 
the Klondike and neighboring mines to the southwest are on or near the other. 
The ore from aU the mines and prospects is fluorite. 

Memphis mine. — ^The Memphis mine is one of the oldest in the district and 
one of the three largest producers. Its vein, so far as it has been worked, is one 
of the best defined and of the most uniform in widtli. 

Work was begun on this tract in 1872, when the land was deeded ])y William 
Belt to the Memphis Lead Mining Company. Fluorite was found by tlie company 
in the Beck shaft at a depth of 15 feet. This shaft was sunk to ISO feet, hut lias 
since been partly filled in. It was soon abandoned, owing to the scarcity of galena. 
the fluorite not being marketable at that time. 

The mine was next worked by the Cincinnati Fluorspar Com])nny (possibly 
the second fluorspar company operating in the district), and the llu<)rite!swas j)ut 
on the market about 1874. It was next leased by Mr. Joseph \Var!()iK.SvlJ'i) liad 
been the superintendent for the company, and who shipped some flifouiiV^ . 

W' ■ ■ 
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Later the property was sold by the court for the debt of the Memphis Lead 
Mining Company, and after changing hands several times was finally, in February, 
1902, taken up by the Kentucky Fluorspar Company, of Kentucky. 

The present workings of the mine consist of three shafts — the north or old 

Memphis shaft (see fig. 3), with a depth of 155 feet; the south or air shaft, about 

» 

100 feet deep; and the old Beck shaft, now used as an air shaft, with a present 
depth of 40 feet. From these shafts drifts have been run along the vein at different 
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Fig. 3.— Memphis group of minee. 

levels for a linear distance of about 800 feet along the course of the vein, and 
between these the ore has been removed to a greater or less extent by both over- 
hand and underhand stoping. There are six levels and two overhand stopes at 
the north shaft, the lowest drift having been run at a depth of 140 feet. The air 
shaft has one underhand stope. 

The vein has been formed along a fault, the throw of which does not appear 
to be large. Its exact amount, however, could not be determined on account of 

10696— No. 36—05 11 
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lack of suitable exposures. The Ohara member of the Ste. Genevieve limestone 
is found on the east, while on the west the lower part of the Cypress sandstone 
occurs as a surface layer. Everywhere throughout the mine the walls are of Ste. 
Genevieve limestone more or less seamed with calcite. They are well defined and 
sharply delimited from the vein material, which is easily separated from the wall, 
leaving smooth, clean surfaces. Except in the highest levels the vein material 
is in close contact with the wall, or there is only a film or thin layer of clay (selvage) 
between them. In general, though not at all points, the hanging or southeastern 
wall is the smoother, the surface of the foot wall being somewhat more knobby 
and uneven. Slickensiding is common on both walls throughout the mine. South- 
west of the Beck shaft the slickensiding is more pronounced on the hanging wall, 
and in this part of the mine this wall on the whole is noticeably fiuted with both 
coarse and fine grooves. As a rule, except where the vein is very narrow^, the 
walls have not been cut in mining. The few exposures that were seen show lime- 
stone horizontally bedded or nearly so, except in one instance, at the face of the 
lowest level south of the old Memphis shaft, where the bedding planes of the foot 
wall dip toward the fault plane at a low angle — from 10° to 20° — for about a foot 
from the vein. 

The strike of the vein is variable, as shown in fig. 1. Its general trend for 
the part mined is about N. 35° E.*' The dip is uniformly to the soutlieast, at an 
angle ranging from about 53° to 85°, with an average of about 60°. 

The average width of the vein is between 3 and 4 feet. Karely it j^inclies 
out completely, as in the lowest drift running south from the north shaft. Here, 
at a distance of 145 feet from the shaft, the two walls of the fault plane, which is 
sharply marked, are in contact, with only a film of selvage het\v(M»n them. At 
the face of the drift to the southwest from the south shaft, the voin is from 1.") to 
17 inches wide. Its maximum width, so far as developed, is about 7 feet, found 
north of the north shaft. 

In composition and structure the vein shows little variation. It consists 
mainly, in places wholly, of granular white fluorite, with (as is commonly the case) 
a minor proportion of purplish fluorite. A small amount of white calcite is fre- 
quently found, occurring intermingled with the fluorite, also in the form of thin 
lenticular veins or sheets between the main vein and one or l)oth of its Avails. In 
the latter case the calcite may be free from fluorite or may contain a variahle 
proportion. A very Uttle galena and still smaller amounts of spliah^ite are found 
here and there in the mine. Structural banding (sheetin<j:?) is common in the 



aThroughout this jwrtion of tills report the readings are true, not magiiolic. uiiltss ctln r\\ im si;,ii ,1 
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vein and parallel to its walls, sometimes close to one or the other, sometimes dis- 
tributed through the vein. In some cases, at least, the fluorite shows sUcken- 
sided surfaces along these planes of parting. 

General surface oxidation has not penetrated far, and even at the 20-foot 
level in the Beck shaft, which is situated close to the valley bottom, the limestone 
is unaltered except tor a few inches close to the vein along the hanging wall, and 
much less along the foot wall. In general below this the walls show no oxidation, 
though occasionally corroded through solution by underground waters. Surface 
waters have here and there worked down one wall or the other to the lowest levels 
of the mine, corroding the limestone close to the vein and forming channels locally 
enlarged into cavities several feet in diameter. The waters flowing down these 
channels carry with them in places considerable quantities of mud. Near the end 
of one of the lower levels running northeasterly from the north shaft a mud pocket 
was struck in the foot wall, the mud filling the drift and necessitating the closing 
of this end of it by a bulkhead. 

A good deal of prospecting has been done southwesterly from the south shaft. 
From one of these prospects — a shaft apparently on the vein and about 140 feet 
S. 40° W. from the south shaft — some gravel fluorite was obtained; another at 
about the same distance S. 34° W. from the south shaft, though probably a short 
distance to the southeast of the main vein, also shows some fluorite. Farther 
southwest no fluorite has been found in the shallow prospect holes. 

BUI Terry or Robertson shafts. — About three-fourths of a mile northeast of the 
Memphis mine are the Bill Terry or Robertson shafts, owned by Robertson, Con- 
way, and Cullen, and the Wilson and Dean prospect, 150 feet southw^est of this, 
both on a northeasterly fault or zone of faulting apparently parallel to the Mem- 
phis fault. From both prospects some fluorspar associated with a small amount 
of galena has been taken, though none has been shipped. The first of these pros- 
pects consists of an old shaft dug some forty or fifty years ago in search of lead. 
It was being reopened and retimbered when visited by the writer. While most 
of the fluorite seen on the dump here is of the usual granular type, some of it 
shows the pronounced lamellar structure referred to on page 143. 

Wihon and Dean prospect, — At the Wilson and Dean prospect a drift 20 feet 
in length has been run at a depth of 23 feet, following a vein with a strike of S. 40° 
W. and a general southeasterly dip of 70°-80°. 

The general character of the deposit at this place is well shown in fig. 4. 

Just northeast of the road, a little less than halfway from the Klondike to 
the Memphis mine, is an abandoned shallow shaft worked for a short time in 1901. 
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A drift was run, at a depth of about 12 feet in the Ste. Genevieve limestone, foL 
lowing a fluorite vein said to be parallel to that of the Klondike. The location of 
this shaft corresponds very closely to that of the shaft described by Norwood^ as 
shaft No. 3 of the Memphis mine, and it is probable that they are the same. 

Klondike mine, — The Klondike mine, the property of the Kentucky Fluorspar 
Company, is situated 1 mile northeast of the Memphis. It consists of a number 
of shafts and open cuts, which form a broken line extending for a distance of about 

w 1,700 feet along one or more well-defined 
veins. Of these, only shafts Nos. 4, 5, and 6 
(fig. 3) were being operated at the time of 
the writer's visit. Some of the openings at 
this mine belong to the old Memphis mine, 
as described by Norwood, open cut No. 1, 
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with its three old shafts, probably correspond- 
ing in position to the old ''Rye Field shaft"* 
referred to by him. The general strike of the 
vein is N. 36° E., except at open cut No. 1, 
where the average trend is N. 54** E. 

From shaft No. 5 a southwesterly drift 40 
feet long had been run at a depth of about 30 
feet, and above this the vein had been removed by overhand stopintr. Bet\vo(»ii 
Nos. 4 and 5 the stope had been largely removed for about 2.") foot, down to \\w 
43-foot level. 

The face of this southwesterly drift from No. 5 shows Huorit(\ red clav, and 
decomposing limestone. Alteration of the limestone does not extend lai' Ix^Iow the 
surface here, as at the 43-foot level the limestone is fresh and unalt(M-ed. At this 
level the walls are well defined and are both of bedded limeston(\.a])])aientIv hor- 
izontal. In places the walls are smooth, especially the soutlK^astern. th^xiirh in 

a Report of a reconnoissance in the lead region of Livingston, Crittenden, and talilwtll r.,iitiii.^ (,, 
Kentucky, pt. 7, vol. 1, 2d series, 1876, p. 486. 

b Op. dt., p. 485. ' • , ,. 
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general they are more or less rough and knobby. These irregularities appear to 
be due in part at least to the projection of the edges of the beds of limestone beyond 
the general surface of the wall. The vein in this drift is nearly vertical, with a 
general southeasterly dip. At the face of the stope of the 43-foot level, almost 
directly beneath shaft No. 5, the vein material has a width of 4 feet. A section 
across the vein at this point is shown in fig. 5. 

From this figure it will be seen that the vein is largely of first grade fluorite. 
Several blocks or fragments of limestone were noted in the fluorite (one shown in 
4 of the figure). The contact between vein and wall, or between the fluorite and 
its included limestone, is always sharp. The local abundance of calcite and frag- 
ments of limestone in the fluorite of the vein as a whole is indicated by the common 
occurrence of cavernous fluorite in some of the surface material (see PI. XIII, 5). 
No faulting was made out in the mine and no shckensiding was observed. 

Other openings, — Southwest of the Klondike mine are four openings consisting 
of open cuts and shafts from a few feet to about 40 feet in depth. All are on or 
close to the same fissure as that on which the Klondike is located, and indicate one 
or more veins with a strike ranging from N. 37° E. to N. 46° E. and a general south- 
easterly dip. The vein width ranges from 14 inches to 5 feet. The vein walls 
are Ste. Genevieve limestone or Chester shale or sheeted quartzite (or their weath- 
ered products), or one wall is shale and quartzite and the other limestone. 

THE COLUMBIA GROUP. 

General features, — Most of the mines which are included in the Columbia group 
are situated on or close to the Columbia fault, a weU-defined fault having a north- 
easterly trend and a general northwesterly dip. (See fig. 6.) Northwest of this 
fault the Birdsville formation is found, while the Ste. Genevieve limestone lies on 
the southeast. Thus all the deposits in the plane of the fault, so far as they have 
been mined, have Birdsville sandstone or shale for one wall and Ste. Genevieve 
limestone for the other. 

In addition to the main fault there are several minor faults with a northwesterly 
trend. On one of these, the Eureka fault, are situated a part of the Columbia mine, 
the Drescher open cut, and the old Andrew Jackson shaft. 

Some of the deposits mined in this group consist mainly of fluorite, as at the 
Mary Belle shaft and the Mayes and Wilson prospects; some are mainly of galena 
and sphalerite, or, within the belt of weathering, of smithsonite and galena. Some 
of the sphalerite is medium grained and occurs as a cement of a breccia or lining 
or filling small vugs or fractures in the rocks. In general, however, it occXirs as 
a fine-grained deposit, disseminated in a more or less siliceous limestone. 

The deposits of this group are believed to be largely localized and their varia- 
tions in character and in the mode of occurrence of the ore (aside from the effects 
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of oxidation on the ores occurring within the belt of weathering) are due partly to 
variation in physical conditions and partly to diflferences in the ore-bearing solutions. 
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Mayes and Wilson prospects, — North of Crittenden Springs Hotel is a small 
group of mines and prospects, all on or not far from the Columbia fault. The 
outcrop of this fault here runs up the northeastern slope of Hurricane Creek Valley, 
the Major Clemens shaft being situated near the foot of the slope and the Mayes 
and Wilson No. 1 shaft at the brow of the hill above. 

The Mayes and Wilson prospects, consisting of two shafts, a short open cut and 
an adit, together with the somewhat older McBride shaft and a still older open cut 
made about 1882, are all located within a distance of about 230 feet, following a 
fluorite vein of very variable width, not over 5 feet wide as far as developed. This 
vein, which has an average strike of about N. 38** E. and a nearly vertical dip 
ranging from easterly to westerly, occurs along the main fault plane between the 
Birds ville shale and quartzite on the west and Ste. Genevieve limestone on the 
east. The limestone is seamed in places with calcite, and locally more or less 
calcite is associated with the fluorite, as is also a small amount of galena. West 
of the main fault plane the quartzite has been more or less sheeted and brec- 
ciated, the breccia, locally at least, as is shown in Mayes and Wilson shaft No. 1, 
being cemented with fluorite. Characteristic surface outcrops of quartzite are 
met here, one occurrence being shown in PL XH, 5. 

Major Clemens shaft, — The sinking of the Major Clemens shaft was begun in 
October, 1902, and therefore after the writer had left this field, but it was visited 
by both Mr. Ulrich and Mr. Fobs in November, 1902. The ore occurs in a sheeted 
zone in quartzite about 125 feet west of the Ste. Genevieve-Birdsville contact. The 
west or hanging wall in the shaft is of Birdsville shales and quartzite, the eastern 
or foot wall being entirely of the quartzite. Between these walls the quartzite has 
been brecciated, and the breccia cemented mainly with fine-grained sphalerite, a 
little fluorite, less galena, and a very little calcite and quartz. This cemented 
breccia has a width of about 5 feet and strikes approximately N. 27° E., with a 
northwesterly dip of about 58°. 

At the time of Mr. Ulrich's visit the shaft had been sunk to a depth of 40 
feet. Of about 500 cubic feet of ore taken from the shaft, it was estimated that 
the sphalerite constituted between 25 and 30 per cent, with a small amount of 
fluorite and perhaps 1 per cent of galena.^ 

In addition to its occurrence in thin seams as a cement to the more or less 
brecciated rock, the ore, as seen in the specimens obtained from this shaft, also 
occurs disseminated in small or minute grains through the rock, in the same way 
in which it is so frequently found in limestone at many of the mines. 

a A new shaft, a short distance N. 4° W. from the first, is being sunk at this mine. Like the first, the new shaft is being 
sunk entirely in brecciated quartzite. but in the latter the rock contains much less zinc and lead sulphides This may be due 
to the fact that the new shaft is located about 20 feet farther west of the main fault plane than the first. A cross-cut run- 
ning eastward to the Ste. Genevieve limestone is suggested.— £. O. U. 
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The amount of the disseminated ore varies greatly in different parts of the 
rock, and in some places it is so abundant that no rock can be seen even with a 
hand lens. It consists mainly of sphalerite with a very small proportion of galena 
and more or less pyrite. Such disseminated ore has not been noted elsewhere by 
the writer in well-defined quartzite, and a careful examination of the rock in which 
it occurs has led to the conclusion that it was not originally a sandstone, although 
it may have been somewhat arenaceous, but that it was mainly a calcareous shale, 
the calcareous portions having been largely replaced by quartz. 

Rochester prospect — The Rochester prospect, nearly one-fourth mile south- 
west of the Crittenden Springs Hotel, consists of two short east-west trenches, 
from one of which, on the Columbia fault, a very small amount of gravel fluorite 
has been taken. 

New Jim mine, — At the Blue and Nunn prospect, now known as the New Jim 
mine, about 400 feet farther southwest, a considerable amount of smithsonite occurs 
in surface blocks and fragments, and the same ore has been exposed in a shallow 
hole dug here. Much of the ore is more or less siUceous, the smithsonite being 
disseminated in small aggregates in a somewhat altered jasperoid. The latter is 
due to the silicification of Ste. Genevieve limestone, the contained smithsonite 
having been derived from the oxidation of sphalerite formerly disseminated in 
it. There is also a small proportion of disseminated galena or its oxidation product, 
cerrusite. 

Another shallow prospect, about 75 feet S. 52° W. of this, is on the Columbia 
fault, with Birdsville shale on the west and Ste. Genevieve limestone on the (»a.st. 
though the latter is considerably sheeted and somewhat breeciated. Seams of 
coarse calcite with a maximum width of 1 inch or more are coinnion in the lime- 
stone, and with it a little galena is occasionally associated. Some pilena also 
occurs in small seams along the sheeting planes or fills the fractures of the hrec- 
ciated limestone. Some fine-grained sphalerite occurs disseminated in the lime- 
stone. In the sheeted zone on the northern wall of the hole the limestone has 
to some extent been replaced by zinc -carbonate. These two pr()sj)ects are su^r- 
gestive of a zone of sheeted and breeciated Ste. Genevieve limestone not unlikt* 
that at the Columbia mine. Recent prospecting on this proj^erty has Ixhmi con- 
sidered sufficiently favorable to warrant the erection of a mill and extensive* 
development ** of the mine. 

From a shallow hole one-eighth of a mile east of south of the nniu* just 
described some cavernous lump fluorite has been taken which was appaKiitlv 

ainformatlon receivcjd to April, 1904, confirms the suggestiKl similarity of conditions :it the Ntu lim iim « . ;i 

Columbia. The new shaft is 60 feet deep and the lower 'M foot passod through rich lonii mul /uu- on ^ 'ih,. . r. • . ■ 

from 2 to 6 feet in width and occurs apparently as a replacomont of tho Sto. (Joncviovo limi^ton*-. u Im. h i-- i. vj -j 

east wall. This wall is very uneven, but the hanging wall, wliich is coniposod princijmllN of t-h-.t'.v >>\ 1 1,. li -'l *;'' "' 

tion, Is sharply defined.— E. O. U. , ;*»tr»** , 
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formed along a minor fissure in the Ste. Genevieve limestone parallel to the 
Columbia fault. 

WatJcins open cut. — ^The Watkins open cut on the Columbia fault, a little 
over a quarter of a mile east of north of the Columbia mine, consists of a shallow 
open cut about 50 feet long, to which a shaft has been added since the writer's 
visit. The western wall of the cut is of gray clay and shale with about 2^ feet 
of soil above it containing fragments of quartzite. The eastern wall as well as 
the main part of the cut is of red clay. Occasional bowlders of limestone occur 
in the cut, containing small patches and seams of purple and white fluorite, some 
calcite, and a little galena. The ore, mainly smithsonite, occurs in large irregular 
masses along the central portion of the cut, and contains a good deal of dissemi- 
nated fine- to coarse-grained galena, more or less patchy, and some associated 
fluorite. 

Some of the smithsonite noted here contained scattered, yellowish, more or 
less porous patches consisting of smithsonite, abundant minute quartz crystals, 
yellow ocher, and some wad, the patches being evidently the oxidation residuals 
of siliceous limestone fragments scattered through the original ore body. 

Columbia mines. — ^The Columbia mines are the oldest and perhaps the best 
known in the district. The first operations at this mine were begun in 1835 by 
Andrew Jackson, who sank a shaft near the creek southeast of the present Columbia 
main shaft for silver. Dr. D. D. Owen, visiting the old workings in 1854, reported 
that they were from 40 to 60 feet deep. In 1863 or 1864 the mine was purchased 
by the Columbia Silver Mining Company, composed of J. N. Blue, sr., and others, 
and when, about 1873 or 1874, it was leased to Halliday and Green, of Cairo, HI., 
the shaft was nearly 80 feet deep, but no drifts had been run. Halliday and Green 
worked the mine fifteen months, running a drift (now closed) 40 or 45 feet to the 
southwest at the 50-foot level. This is said to be on the vein. Henry, James, 
and Tom Glass then took an option on it, and retimbered the old shaft, which had 
caved. They also sank the shaft to a little below 80 feet and ran drifts for a short 
distance. 

In 1876 Page & E>ausse, of St. Louis, bought out the Glasses and sank the 
shaft deeper, running the drifts at the 80-foot level as they now are. A plant 
was installed which included six jigs of about 60 tons capacity, an old-fashioned 
two-flue boiler, a Blake crusher, and a small Scotch hearth lead smelter. 

Their pig lead was hauled to the Ohio River at Fords Ferry for shipment. 
These operations' were discontinued in 1877, owing to the decline in the value of 
lead. In 1899 Blue and Nunn secured from Page & Krausse a ten 3'^ears' lease 
and option on the mme. In 1900 the lease was purchased by the Western Kentucky 
Mining Company, which began work on the Columbia shaft in May or June of that 
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year. The old mine was in part re timbered and cleaned out, and some work done 
at the 135-foot level, but after a few months it had to be abandoned on account 
of water. The mine then lay idle till the Columbia Mining Company, organized 
in 1902, took over the Western Mining Company *8 lease and secured a new one 
from Page & Krausse. They are now sinking the shaft, which has reached a depth 
of 138-140 feet, and are extending the southwest drift at the 135-foot level. Build- 
ings and machinery have also been added. 

The mine was closed at the time of the writer's visit. It was examined later, 
in February, 1903, by Mr. F. J. Fobs, on whose observations and collections the 
following statements concerning the underground relations are largely based. At 
the time the mine was examined the main shaft had reached a depth of about 
140 feet, and, as is indicated in the history of the mine, drifts ran from the 
shaft at the 80 and 135 foot levels. The drift at the 50-foot level was inaccessible, 
being filled with mud. 

The Columbia mine has been developed along the course of the Columbia 
fault, which is here associated with minor cross faults and fractures, of wnich tlie 
most important is the Eureka fault. Most of the early mining here was done along 
the Eureka and not the Columbia fault. Nearly all of the sliafts of the group 
described and figured by Norwood^ are on the former, while one, the Barnett 
shaft, was at the junction of the two, and must therefore have been very close to 
the present location of the main shaft of the Columbia mine. In tlio Barnett 
shaft Ste. Genevieve limestone and Birdsville shale were found in contact, and 
galena occurred apparently along the Eureka fault, although hut little ore has 
been found along this fault in the deeper parts of the Columbia niin(\ 

Along the Columbia fault plane shale has been dragged in, and on account of 
its impervious character has doubtless aided in directing the waters circulating 
along the fault plane. Locally breccias have been formed ah)ng the (issun* in tlic 
more or less siliceous Ste. Genevieve limestone which constitutes tlie eastern wall 
of the fissure. At other places sheeted zones have been fornunl. The onvs and 
their associated minerals have been deposited here and there along l)oth major 
and minor fissures and fractures, either cementing i]w hn^'ciatiHl hnicstonc, or 
filling seams, or metasomatically replacing to a greater or less extent both {ho 
limestone of the breccia and that between adjacent sluM^ting planes. Tlie on^ is 
chiefly galena and sphalerite, with a minor proportion of scMond-grade lhiorit(\ 
the best ore occurring as a cement to the siHceous limestone hrtMcia. This hrcMcia. 
though occurring at the 135-foot level, has its greatest devc^lopun i\t at the snioot 
level, where it Ues south of the sh'aft. It appears to have an iiitgnlarlv leni i« nhn 
form, its longer dimensions lying in the fault plane. 



" Norwood, C. J., Report of a roconnoissance in the lead ropon of Livingston. Criltni'lni. ;iiiil < il Iw 
Survey Kentucky, vol. 1, part 7, se(,ond series, 1876. 
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The strike of the fault throughout almost the entire mine is N. 26° E., its cal- 
culated dip between the 80-foot and the 135-foot levels being about 83°. Near 
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Fig. 7.— Underground worklngB of Columbia mine; redrawn from map by F. J. Fohs. 

the northern end of the 80-foot drift there is a rapid change in the direction of the 
fault from northeasterly to northwesterly, as shown in fig. 6. At the point where 
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the fault turns, a cross fracture has been developed in the shale forming the west 
wall, and in it a seam of galena and sphalerite three inches in width has been 
deposited. The opposite wall here also shows some cross fracturing. At both 
the 80-foot and 135-foot levels Birdsville shale and quartzite constitute the western 
or hanging wall, while lower Ste. Genevieve limestone forms the eastern or foot wall 
of the main ore body. It seems probable that some, if not all, of the shale seen at 
both levels has been dragged in or has worked down along the fault plane between 
the sandstone and the limestone, for, as seen at the face of the short drift to the 
northwest, near the northern end of the mine, about 3 feet of the sandstone is 
exposed on the west, and between it and the limestone is about one foot of shale 
following the fault plane. The structure of the shale generally parallels approxi- 
mately in dip and strike the dip and strike of the fault plane, except at one point 
20 feet north of the shaft, where the strike of the shale is toward the west, at its 
intersection with the Eureka fault. Shckensiding may be seen in places in the 
shale, and near the face of the 80-foot drift southwesterly from the main shaft 
some calcite and brownish fluorite have been deposited along the slickensided sur- 
faces, although in general no ore occurs in the hanging wall. This wall is well 
defined and almost straight, thus diflFering from the eastern or foot wall, which 
is very irregular, especially south of the shaft where the main ore body occurs. 

The eastern wall of the northeastern and southwestern drifts, and both walls 
of the drifts to the southeast at the 80-foot level, are of light-gray lower Ste. Gene- 
vieve limestone seamed with calcite and occurring in beds one half to one foot 
thick. Near the air shaft the beds are almost horizontal, while in the southeast 
drift they show a dip to the southwest. 

The southeastern drift, cut entirely in limestone, has a trend of X. 20° W., 
except near its junction with the northeast drift, and has for tlie most part followed 
the Eureka fault, which has here a strike of S. 32° E., and a northeasterly dij) of 
72°, as seen near the fall of the drift. No ore was noted in this drift except neai its 
mouth, although occasional patches are said to have been encountered in running 
the drift. Within 12 feet of its junction with the northeastern drift the southern 
wall, where it intersects the fissure, shows a body of ore 2 feet wide, having a trend 
of S. 32° E. This ore body consists almost entirely of line-drained sphalerite q 

disseminated in and metasomatically replacing limestone. \ 

Two sink holes formed along or near this fissure, and shown on th(^ nia}> of the J 

mine, opened into the drift just described on the northeast side and through theni | 

the mine is often flooded in storms. 

In the northeast drift, except for the seam in the west wall, alnndv nien- 
tioned, ore was noted only near the shaft. Here tlie ore is nie(liuni-i:r;iinr(lj:>j)li;ilr 
erite disseminated in limestone, with little or no i^alena. In the soutliwrst dritt . 
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at the 80-foot level, the main ore body occurs. This body as a whole consists of 
an open limestone breccia cemented with calcite, sphalerite, and galena, and toward 
the southern end of the drift with more or less fluorite. The limestone of the 
breccia, and to some extent that of the eastern wall, has been replaced to a greater 
or less extent by quartz in microscopic crystals, and is therefore more or less sili- 
ceous in general character, Uttle or none of the original limestone being left in 
some parts. These limestone fragments also contain a variable amount of fine- 
grained, disseminated sphalerite, which in places forms the biilk of the rock. In 
addition to these minerals, the Umestone occasionally contains a little pyrite in fine 
grains, secondary calcite, a small proportion of galena in small cubes, and some 
fluorite. In the central, broader part of the drift the cemented breccia is sharply 
separated from the Umestone forming the east wall, while in the southern and 
more constricted end of the drift the breccia grades into the limestone of the wall 
without noticeable break. The cement of the breccia is variable both in amount 
and character. Toward the southern end of the drift the amounts of sphalerite, 
galena, and fluorite decrease, and the cement near the face is mainly calcite with 
a little low-grade fluorite. North of this, but still in the narrower section of the 
drift, more sphalerite is found, and more fluorite of a brownish color, while a sheet 
of fluorite with a maximum width of 2 feet occurs in the breccia near and parallel 
to the western wall. The mode of occurrence of this fluorite suggests Assuring 
since the formation of the main ore body, with subsequent filling of the fissure by 
fluorite. The central broad section of the drift contains a large proportion of both 
galena and sphalerite, and furnishes the best ore of the mine. This part of the drift 
has been stoped for 30 feet above the 80-foot level. In this part of the drift a 
considerable amount of calcite occurs within a foot of the eastern wall. Elsewhere 
the cement consists mainly of sphalerite and galena. Some of the coarse white 
calcite from this part of the mine shows brecciation and recementation by galena, 
sphalerite, and clear calcite. The galena occurs in cubes, with a maximum diameter 
of about 2 inches. The sphalerite of the cement occurs in small or medium- 
sized crystals having a maximum diameter of about one-eighth inch. Where it 
lines cavities it is of the ruby-blende variety that is so commonly seen under such 
conditions. 

The ore from the 135-foot level is somewhat similar to that of the 80-foot 
level, occurring partly cementing the broken rocks, but chiefly disseminated in 
and replacing limestone between planes of faulting or sheeting. At the face of 
this drift we have the following succession between the west and the east walls, 
which are here about 6§ feet apart, and dip northwesterly about 65°: (1) Shale 
forming west wall; (2) 2 feet of limestone with more or less disseminated fine- 
grained sphalerite; (3) 2 feet mainly calcite with scattered rock fragments and 
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some galena and sphalerite; (4) 2i feet of sphalerite and fine to rather coarse- 
grained galena disseminated in limestone; (5) Ste. Genevieve limestone forming 
the east wall. A section on the northeast side of the shaft and 2 feet above the 
bottom is somewhat similar: (1) Western wall of shale and quartzite; (2) 2 feet 
of shaly limestone; (3) 2 feet of limestone with disseminated fine-grained sphalerite 
and almost no galena; (4) 2i feet of sheeted limestone seamed with calcite; (5) 
wall of Ste. Genevieve limestone. 

Oxidation by surface waters has, to a limited extent, penetrated both the 
80-foot and the 135-foot levels. This is shown in many of the specimens of ore from 
both levels, but is best seen in the smaU vugs which are common through the ore 
body. The calcite crystals occurring in many of these vugs are sometimes rounded 
on the surface; more frequently they are corroded, especially about the point 
of attachment. The sphalerite, both that occurring in the vugs and that dissemi- 
nated in the limestone, frequently shows some oxidation, being sometimes corroded 
and again coated with a thin blackish film. Occasionally the galena is more or 
less altered to earthy cerussite. Among the secondary products which have formed, 
quartz and smithsonite are the most common. 

All of the unoxidized deposits thus far described appear to be those of primary 
concentration. None of them gave any evidence of having been formed by sec- 
ondary enrichment. Several instances were noted of secondary sulphides, greon- 
ockite, and sphalerite, formed in very small amounts with or after the products of 
oxidation already referred to. 

Cemented breccias such as are found at this mine are helievod to he of very 
limited and local development, and are perhaps to be looked for only iilon<x w ell- 
defined faults, where siliceous limestones have suffered displacenuMit since silicili- 
cation. In such breccias the coarsest and most abundant lead and zinc ore is (o 
be found, providing deposition of such ores took place at all. Local condititJiis, 
not only at the Columbia mine, but at a number of points aloni^ the Colunihia fault, 
appear to have been favorable for the deposition of trahMia and sj)halerite lather 
than of fluorite. Depth apparently was not one of these <i:overnin,i; conditions, and 
has had little or no direct influence in determining]: the amount of ore deposited. 
So far as can be ascertained there is no definite vertical relation of the ores at lliis 
mine, and there is certainly no such vertical succession as that trjven l)y W. K. Burk. ' 

With deeper mining at the Columbia, the Birdsville rocks of the western wall 
will be succeeded in turn by the Tribune limestone, Cypress sandstone, and Ste. 
Genevieve limestone, while the Ste. Genevieve of the eastern wall will l>e su((mm(1(m1 
by the St. Louis limestone. With these changes in the walls thnc will d«)ul)tle 
come some change in the general character of the deposits. es|)( cially il /:a^,:i|)[>eai 

' "~~ ~ ' ~ ■?««*l?fr , '•' 

a Burk, W. E., The fluorspar mines of western Kentucky and southern Hlinois: MintTal hidii>trv i-- ; n)-.,; [. j. 

■-^.♦•. 





COLUMBIA GROUP. 175 

to be the case^ the St. Louis limestone is less subject to secondary silicification 
than the Ste. Genevieve. It is therefore by no means improbable that at greater 
depths, where the St. Louis forms one of the fissure walls, a well-defined vein of 
fluorite may be encountered. 

Drescher open cut, — The Drescher open cut, a short distance southeast of the 
Columbia mine, was the only opening on the Eureka fault at the time of the writer's 
visit. The ore here consists of an irregular body of smithsonite containing a good 
deal of galena, both coarse and fine grained. It occurrs with red clay betw^een 
walls of more or less weathered Ste. Genevieve limestone somewhat seamed with 
fluorite. 

The Eureka vein was considerably exploited in the early mining days of this 
region. Norwood," in his description of the Columbia mine, figures seven shafts 
as located on this fault, these being only a part of those that had been sunk at 
one time or another. From all the shafts on that portion of the vein east of the 
Columbia fault, galena, or galena and fluorite, had been obtained, the ore occurring 
between walls of Ste. Genevieve limestone.* 

As shown at the 80-foot level of the Columbia mine, this fault intersects the 
west wall of the Columbia fault, though it probably extends only a short distance 
west of the latter into the Birdsville rocks. In this direction no ores have been 
found along the course of the Eureka fault, a shaft mentioned by Norwood as 
having been sunk 57 feet N. 37° W. of the old Barnett shaft, and finding only 

shale. 

Mary Belle mine. — This mine, on the Columbia property, is located about a 
quarter of a mile south of the Columbia mine. Work was begun here in the summer 
of 1901, and during the nine months that the mine had been operated 525 tons of 
fluorite had been produced. The mine is characterized by a vein of fluorite from 
2 to 6 feet wide, with an average strike of about N. 12® E. and a high westerly dip. 
The fluorite is associated with a considerable amount of galena, and some fine- 
grained sphalerite is found disseminated in the limestone walls of the unoxidized 
portion of the vein. At the only exposure of the vein seen by the writer both 
walls were of clay. That this vein must be on or within a few feet of the Columbia 
fault is shown, however, by surface outcrops, Birdsville sandstone being found 
west and Ste. Genevieve limestone east of the mine. 

Norwood^ has figured and described some old shallow pits, called by him 
pocket diggings, dug years before in a ravine south of the old Glass shaft, and out 

(1 Norwood, C. J., Report of reconnoissance in the lead region of Livingston, Crittenden, and Caldwell counties: Oeol. 
Surv. Kentucky, vol. 1, pt. 7, 2d ser., 1876. 

h One wall of the Glass shaft was said to be of sandstone, but this was probably a case of mistaken observation on the 
part of Mr. Norwood's informant, as this was the only shaft on this fault from which sandstone was reported, and Norwood 
himself saw none on the surface. 

e Op. cit., PI. IV and p. 484. 
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of every one of these " lead and fluorspar were obtained in variable quantities." 
These appear from their location to have been close to the present Mary Belle mine. 

Lanham mine. — The Lanham mine, located one-sixth of a mile southeast of 
the Columbia, consists of a short open cut and a shaft 20 feet deep. This shaft 
had not been worked for some time and was nearly filled with water. The ore 
consists mainly of fluorite, both white and purple, with a limited amoimt of asso- 
ciated galena and a good deal of sphalerite. The last is partly fine-grained, both 
associated with fluorite and disseminated in the adjacent silicified limestone. It 
also occurs fine to moderately coarse grained in larger patches and masses in the 
fluorite. The coarser grained sphalerite is dark brown, the finer grain having the 
usual reddish color. The fluorite, in addition to its occurrence in the usual granular 
condition, is found also in fine grains disseminated in jasperoid. 

The ore occurs presumably as a vein here, though it is said to be not well 
defined. The ore body has a width of about 3 feet. Vugs lined with fluorite 
crystals are reported to be numerous here. 

In addition to the fluorite shipped from this mine a sample shipment of 25 
tons of sphalerite was made. 

Near and just northwest from the Lanham shaft is an old shaft dug yeais ago 
by Mr. Henry Glass. The depth is not known. This probably corresponds to the 
" Old Mill Shed" of Norwood's report.^ This mine was believed by him to be on 
a different crevice from the Eureka fault, as is readily seen in PI. IX to be the case, 
these prospects, with the Lanham shaft, occurring apparently on a })ara]lel fault 
or fracture. 

Old Jim mine, — ^The Old Jim mine, a little more than three-quarteis of a mile 
southeast of the Columbia mine, differs radically from the mines thus far described 
(1) in the absence of fluorite and calcite, the ore consisting of zinc carbonate with a 
minor proportion of sphalerite; and (2) in the occurrence of the ore body parallel 
to and in contact with a narrow but very persistent dike of peridotite. This mine 
has thus far been the largest producer of zinc carbonate in the district. The 
discovery of the body of smithsonite here took place in the fall of 1900, but no 
real prospecting was done until May, 1901, in the latter part of which month the 
first carload of ore was shipped. 



aOp. dt., p. 483. [ r 
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Assays of samples from different parts of the mine and from the washings, etc., 
made by Waring & Son, of Webb City, Mo., show the following amounts of metallic 
zinc (pure smithsonite contains 52 per cent of metallic zinc) : 

Assay of samples of ore from Old Jim mine. 




Flint carbonate. 

Turkey fat 

Pea screenings . 
Washed tailings 
Sphalerite 



Per cent. 
51.80 

49.85 

34.80 

30.85 

60.17 



Iron. 



Per cent. 



0.60 
5.20 
6.d2 
1.74 



The smithsonite, by the carload, averages about 46 to 47 per cent of zinc. 

The mine consists of two open cuts, shown in fig. 8. Of these the northern 
and principal one has a length of about 400 feet and 
a depth of 27 feet. As seen in the figure, a dike 
of peridotite forms one of the waUs of the cut. 
The dike for a part of its course is nearly straight, 
but near the point of its intersection by the drifts, 
southeast of the shaft, it shows a slight though 
distinct bend. Wherever noted it was much 
weathered, especially along the margins. Where cut 
through, the dike has a width of about 6 feet and 
a dip ranging from 8 1*' to 90° southwesterly. 

The walls of the cut, except where formed of 
peridotite, are of nearly horizontally bedded Ste. 
Genevieve Umestone, containing thin beds or lenses 
and scattered nodules of chert. Definite faulting 
was noted in only one part of the mine, at its north- 
western end, where there is a displacement of 
between IJ and 2 feet, with a downthrow to the 
northeast. 

As already stated, the ore from this mine is 
practically all carbonate of zinc, mainly in the form 
of smithsonite; in addition to the simple carbonate, 
the basic carbonate, hydrozincite, also occurs, being found in considerable amount 
with the smithsonite just south of the shaft, a little above water level. More or 
less unoxidized sphalerite is still found at the same levels at which the smithsonite 

10696— No. 36—05 12 




Fio. 8.— Old Jim mine. 
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occurs. While some of that associated with and altering into the smithsonite 
is of medium grain, most of that seen at the mine is very fine grained, occurring 
disseminated in hmestone. 

There appears to have been no definite fissure vein corresponding to the course 
of the drifts, the ore body occurring mainly as a replacement of the limestone, and 
to a minor extent of the associated chert, along and close to the walls of the 
intruded peridotite dike. The ore occurs for the most part massive, cut, it is said, 
by the beds of chert which sometimes extend across the entire ore body to the dike. 
Here and there blocks of unaltered limestone occur in the smithsonite. Occasional 
nodules of chert are found in the ore, just as in the adjacent limestone. The chert 
of both the nodules and the beds is generally replaced in part by smithsonite. 
The flint carbonate in the above list of assays has already been referred to (p. 142). 
This was not seen in place, and so its actual relation to the main ore body is not 
known. 

The ore-bearing solutions here have penetrated and replaced the different 
beds of limestone unequally at any given place, and the extent of the penetration 
varies also at different points along the course of the ore body. This is well shown 
in the varying width of the ore body in horizontal sections. At the northwestern 
side of the shaft the mass of smithsonite, which had a width of 8 to 10 feet at the 
southeastern side, pinched to less than 1 foot, widening again to the northwest, 
where it forms the broad northw^estem drift. Again it narrowed toward the nortli- 
western end of the drift, and pinched out about 190 feet from the shaft. Soutlieust 
of the shaft the ore pinched at a distance of about 65 feet, and in an attempt lo 
find the continuation of the ore body, the peridotite dike wliicli had formed its 
eastern wall was cut through, smithsonite being found at tliis point on the ea>t 
side of the dike. The drift being continued to the southeast on the west side of 
the dike, ore was found again on this side, the two ore bodies eontinuintr as shown 
in the figure — one on either side of the dike. 

The sphalerite, like the smithsonite, has replaced tlie Hmestone ver^' irre<rii- 
larly. In places it is very abundant, appearing to rei)hiee alto<rether portions <>f 
the limestone beds. While most of the sphalerite, botli the eoarse and tlie fine 
grained, is due to primary concentration, there has un(h)u])te(lly he(»n some enrich- 
ment of the sulphide ores by additional deposition from deseendin^ waters. 

The southern or minor open cut of the Old Jim mine is sliaHow. and lias a 
length of 170 feet, with an average trend of X. 17° E. The ore, as in tlie main 
cut, is smithsonite, occurring in a narrow body between limestone walls. There 
had been too Uttle development here to warrant a positive statement. l)ut it >eems 
probable that this deposit has been formed alont; a joint plane in the nm(v^t(>n(\ 
This open cut heads in a sink hole leading to a eave from the walls ol which a mn- 
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siderable amount of sinithsonite was secured. As shown in fig. 9, prepared 
from a sketch and notes by Mr. Ulrich, the walls of tliis cave are coated with sta- 
lagmite, behind which the ore is found in re- 
sidual clay derived from the comparatively 
recent decomposition of the limestone. 
The following additional infonnat'on 
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concerning the main open cut was ob- 
tained by Mr. Fohs in 1903. The 
main cut was then about 37 feet deep, 
and a few feet below water level. 
Near the shaft at this depth a bed 
of apparently impermeable limestone 
had been encountered, ex tending across 
the drift and completely cutting out 
the ore. Just above this, in the drift 
south of the shaft and west of the 
dike, occurs a bed of limestone from 
3 to 5 feet thick, lai^ely replaced for 
a distance of more than 20 feet from 
the dike by sphalerite of line though 
somewhat variable grain. Just above 
this ia a bed of limestone from 6 to 
12 inches thick, largely replaced by 
marcasite. 

The accompanying sketch (fig. 10) 
prepared by Mr, Ulrich at the time of 



his last visit to the mine in November, 1902, gives a good idea of the relations of 
the ore bodies on each side of the dike to the limestone beds in the outer walls. 



180 LEAD, ZINC, AND FLUORSPAR DEPOSITB OF WESTERN KENTUCKY. 

As shown in the figure, smithsonite occurs above and disseminated sphalerite 
below. Both kinds of ores occur in horizontal layers, for the most part continuous 
with the beds of limestone to which they are adjacent. 

There has been a good deal of prospecting along the course of the peridotite 
dike, both northwest and southeast of the Old Jim mine. To the northwest the 
dike extends for more than a quarter of a mile from the Old Jim shaft, following 
a course about N. 28° W. In this direction no ore has been found. 

Nearly a quarter of a mile southeast of the Old Jim shaft is a pond filling 
an old sink hole. Just northwest of the pond and north of the road is a prospect 
from which has been taken altered peridotite, a little smithsonite, and some lime- 
stone considerably seamed. 

About midway between this prospect and the Old Jim mine a fissure, evidently 
due to solution along a joint plane, occurs in the limestone. This fissure, which 
is from 6 inches to IJ feet in width, has been uncovered for a distance of about 
6 feet, showing a strike of about N. 39° W. From this opening, the walls of which 
are considerably corroded, some small blocks of smithsonite have been taken. 

TABB-YANDELL GROUP. 

General features, — The Tabb mine consists of a linear series of shafts, shallow 
holes, and open cuts extending for a distance of about one-third of a mile alono; 
the Tabb fault. This is an extensive fault of several hundred feet throw, hv which 
the Birdsville and other formations lying on the north of the fault have been 
brought into juxtaposition with the St. Louis hmestone on the south of tlie fiuih. 
Immediately to the east of the Tabb shafts this series of mines is continued u little 
more than a quarter of a mile by the Blue and Marble mines and the Xowkirk 
shaft. Still farther east, south of Mexico, are the Myers prosi)ects, near tlio 
same fault, but between these and the Newkirk shaft there are no prospects so 
far as known. West of the Tabb mines the abandoned Wheeler mine occurs on 
the same fault, the distance from this mine to the easternmost of the Myers jmos- 
pects being nearly 2 miles. Southwest of the Wheeler the Tabor mine is situated 
on a fault parallel to the Tabb fault, and another appears at the Ashrid^rc mine. 
southwest of the Tabor, thus showing a series of faults arrantred en echelon. A 
continuation of this condition toward the east is suggested by the sudden chanirc* 
in direction of the Tabb fault just west of the railroad, sonth ol Nh^xico. (Sec 

fig. 11.) 

At the Asbridge mine both Chester and St. Louis rocks occur, their ivlativi^ 

positions being similar to those east of the Wheeler mine. The ir(Mier;il rt hit ion- 

of the formations on opposite sides of this zone of faulting siiown on the iiia{)> 

of the district make probable an eastward connection of this fault at the A>brulL:e 
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with the fault at the 
Tabb mines, and -thus 
an arrangement en eche- 
lon of the Tabb fault 
itself. 

The fault at the Ta- 
bor mine is in the St. 
Louis hmestone, the 
main fault between the 
Chester and St. Louis 
probably occurring as a 
parallel displacement a 
short distance to the 
north. 

All these parallel 
portions of the Tabb 
fault, which strike a Ut- 
tle north of east, are 
probably connected by 
another series having a 
more decided northerly ^ 
trend, as is suggested by 
the fault at the Myers 
prospects which has this 
trend, and by the south- 
westerly fault at the 
Wheeler mine, shown in 
fig. 11. The Tabb fault 
has a local and probably 
general northerly dip. 

In addition to these, 
minor faults occur either 
parallel to or at an afigle 
with the main fault, and 
ore deposits of limited 
extent are frequently 
found along these minor 
fractures. 

As is generally the 
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case, the chief deposits have been found along or close to the main fault, though 
even here they are by no means continuous. The ore occurs either in simple 
veins or in two or more lying parallel and near together. The veins consist mainly 
of fluorite, accompanied at most of the mines by some galena and at the Tabb 
mines and eastward by more or less barite, which locally becomes dominant. In 




addition to these minerab fine-grained sphalerite occurs locally in small amount. 

Although found mainly in veins, the fluorite and barite occur here and there 

cementing breccias, particularly of Chester quartzite. 

Tabh miTws.— When these mines were visited, work was being done at three 

shafts— Nos. 3 and 12 and the main shaft, No. 10. Shaft No. 12 is situated on 

the western edge of a moderately broad, shallow valley, which divides the mines, 

while the prospect holes Nos. 13 and 15 are on its eastern slopes. The remaining 
openings of this mine on Ihe cast, to- 
gether with those of the Blue iind Nhiilili' 
mines, are along the ujipiT edge oi n 
slope facing an open valley on thcsmilli. 
Most of the openings of the Tnl.b iiiiiio 
are on or near thcTalili fault., ami mkuc 
ore has been fotiTid in nil of those sliovvn 
in fig. 12, though not iti paying quanli- 
ties in all casts. 

In addition t{) the nitumon mode of 
occurrenoi" of Mic oie. it has also lit-en 
found repluriii}: Uedded ipiarlzile. ji>. at 
the westeniniosi opening nf llie series 
(see fig. 13), thongli this i> rmt usual. 
From the main shaft of the Tabb mine (No. 10) drifts run l)()t 

at a depth of 57 feet, a little above permanent water level, lo 

deposit formed along the main plane of tlie TaM) fault. 

A general section across the deposit at lliis depth is ji~ Inlli 

northern wall of Birdsville limestone, the snrfaee of wliieli is niiin> i 

This is usually succeeded toward the south hv sheeled shales ili-; 




FlO. IJ.— Fluortte r 



gny and yellow clay Kith s( 



III V 




TABB-YAKDELL GBOUP. 



183 



the fault plane. These shales in places contain one or more narrow veins of fluorite. 
Adjoining the shale is the main vein, of variable thickness and character, suc- 
ceeded by between 1 and 2 feet of red clay, resulting from the decomposition of 
St. Louis limestone, and containing chert fragments. Last is the more or less 
corroded wall of St. Louis limestone. The vein has a constant northerly dip of 
55" or more. In width it ranges from to a maximum of about 12 feet, which 
is reached just east of the air shaft No. 8. The average width is between 6 and 
8 feet. The vein usually shows more or less sheeting or banding. The banded 
ore represented in PI, XIV B, p. 142, is from this mine. 

The main ore body varies considerably through the mine, as is well shown 
in the accompanying figures. Fig. 14 shows the conditions at the face of the 
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drift west of the air shaft. The hme^tone adjacent to the shale contains small 
pockets of gravel fluorite, while patches of barite, frequently with some fluorite, 
occur on and near its surface. 

At the face of the stope, 27 feet east of the air shaft {No. 8), the full width 
of the vein is not exposed, but the part seen is nearly 6 feet wide. The fluorite 
forming the vein is roughly banded, and near the center of the vein some fine- 
grained sphalerite occurs in the fluorite, while toward either margin the fluorite 
contains scattered galena. 

Near the face east of the main drift the vein shows more or less pronounced 
banding, as indicated in fig. 15. 

A httle north of the open cut (No. 11), as shown in fig. 12, is a dike-like out- 
crop of massive quartzite, having a width of from 10 to 20 feet. This quartzite 
contains occasional very thin seams of fluorite. 
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The three shallow prospect holes, Nos. 13, 14, and 15, have all yielded some 
gravel and cavernous lump fluorite. No. 13 is evidently on the main fault and 
No. 14 apparently a Uttle north of it. The latter shows a 7-inch vein of fluorite 
containing abundant galena in small grains. 

In shaft No. 17, at a depth of 15 feet, a short drift has been run in a direction 
N. 64° E., following an ill-defined vein of fluorite which wedges out toward the 
floor of the drift. 

Blue and Marble mines. — These consist of numerous openings — shafts, open 
cuts, and prospect holes — none exceeding a depth of 50 feet ^nd all located on 
or near the Tabb fault, which they have followed for a distance of about 1,100 
feet. The rocks are everywhere deeply weathered, the walls in the drifts and 
shafts being as a rule of clay. The ore of the group is mainly fluorite, generally 
in lump form mixed with more or less red clay, the lump spar being frequently 
cavernous. Fluorite has also been noted locally cementing quartzite breccia, as 

m 

at the shallow prospect No. 5; also at the abandoned Newkirk shaft of the Union 
Central Mining Company, northeast of the easternmost shaft of the Blue and 
Marble mines. 

At most of the openings of these mines no well-defined vein has as yet been 
discovered. The Moseley shaft (No. 6) is the most important, and the only one 
at which there have been any extensive developments. Here a well-defi|ied 
vein has been followed at the 30-foot and 50-foot levels by somewhat sinuous 
drifts running in a northwesterly-southeasterly direction for a distance of about 
a hundred feet. The vein has apparently an average width of about 5 feet, and 
its walls are of red, yellow, and bluish-gray clay. On the northern wall at the 
50-foot level occasional patches of soft, white, muddy kaolinite occur. At the 
38-foot level in this same shaft a drift has been run easterly for 12 feet, following]: 
a thin vein of fluorite a short distance north of and parallel to the vein just described 
and occurring in bluish-gray clay formed by the weathering of shale. 

In shaft No. 8 a drift has been run southeasterly for 10 feet at the 42-foot 
level, following a vein in the St. Louis rocks, which has an approximate trend of 
S. 55° E. and a high northerly dip. This vein has probably been developed along 
a transverse fault in the St. Louis limestone, the main Tabb fault haying here a 
northeasterly trend, and lying a short distance north of the shaft. Chester (juartzite 
outcrops about 150 feet northeast of the shaft. As seen at the face of the drift, 
the vein is about 4 feet wide and consists chiefly of fluorite. which contains in 
places more or less fine-grained galena. Some rock fragments, nniinly chert, were 
noted near both walls. Along the southern margin of the vein is a hand, rangiiii: 
from 2 inches to about 1 foot in width, composed mainly of somewhat ravcinous 
barite. 
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Myers prospects. — East of the mines just described and near the raUroad is 
a group of prospects characterized as a whole by the occurrence of barite. The 
easternmost prospect belongs to the Western Kentucky Mining Company, the rest 
being on the land of Mr. William Myers. These prospects comprise shallow 
holes and open cuts and a number of shafts, all except one caved. The relations 
of these openings to the Tabb fault is shown approximately in fig. 11. 

In all of the prospects in the Chester rocks, including those west of the railroad, 
some ore is found, either barite or fluorite, or both, occurring as a rule cementing 
quartzite breccia. ^ 

In the St. Louis rocks the ore is mainly barite, as in the railroad cut (No. 3). 
In this cut barite was noted at a number of points, for a distance of 200 feet north 
and south. It occurs apparently as thin easterly-westerly seams and narrow 
veins, with an approximate maximum width of perhaps 2 feet and a nearly 
vertical dip. The actual conditions in the cut are somewhat obscured by the 
breaking down of its walls. 

Prospect No. 4 consists of a broad and shallow open cut in red clay and chert, 
exposing an irregular vein about 3 feet wide at the western side of the cut, and 
nearly 5 feet wide on the eastern side, with a strike of about N. 75° E. The vein 
consists largely of barite, which is rudely banded parallel to the strike of the vein. 
This banding is due largely to seams of fluorite in the barite, most of which are 
less than 2 inches wide and from 1 to 3 feet in length. 

Wheeler mine, — The Wheeler mine consists of two shafts, together with several 
prospect holes and open cuts, all more or less caved. It is located about half a 
mile southwesterly from the main shaft of the Tabb mine. The work at this place 
was done at diiferent times during the last few years by contract for the Kentucky 
Fluorspar Company. Shipments were made up to the middle of 1902, but the 
mine was finally abandoned on account of water, as it had no pump. 

The northeastern shaft. No. 1, is apparently located at the intersection of two 
veins, one following the Tabb fault and the other filling a southwesterly fissure 
in the St. Louis limestone. Short drifts were run from the shaft to the east and 
west along the Tabb fault, and one to the southwest on the intersecting fault. 
The southwesterly vein, which is said to have contained no calcite, had a width of 
about 1 foot at the shaft and of 2 to 2 § feet at the face of the drift. In the easterly- 
westerly drifts the vein is said to have been 6 feet wide at the shaft, consisting 
mainly of fluorite, and to have pinched in both directions toward the face of the 
drifts, where it was composed largely of calcite. At the surface a short open cut 
gives the strike of this vein as approximately N. 75° E., and its coincidence with 
the Tabb fault is indicated by the occurrence of both Birdsville and St. Louis rocks 
in the dump from this shaft. 
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Shaft No. 2, 70 feet southwest of shaft No. 1, is doubtless located on the same 
vein, which is found in the southwesterly drift from the latter shaft. Evidence 
of faulting is seen in an open cut a short distance southwesterly from shaft No. 2, 
where a body of somewhat brecciated chert cemented with purple fluorite presents 
a well-defined slickensided surface, having a southeasterly dip of 84°. The strike 
of the southwesterly vein may be given approximately as S. 39° W. 

All of the fluorite at this mine is associated with some galena and a little fine- 
grained sphalerite, the latter also occurring disseminated in some of the limestone. 

Tabor mine. — The Tabor mine, situated three-eighths of a mile southw^esterly 
from the Wheeler, is the only one in which well-defined yellow crystals of fluorite 
w^ere seen. Fluorite crystals up to about 2 inches in diameter are common on 
the dump at this mine, both on chert and limestone. They are as usual cubic, 
and their color is for the most part yellow, though a minor proportion are purplish, 
or yellow with surface films of purple. The yellow fluorite appears to have devel- 
oped chiefly along the fractures of brecciated St. Louis chert. 

The mine was not being operated when visited by the writer. The following 
statements are based on the notes of Mr. Fobs, who examined it later. At a depth 
of 60 feet an easterly drift 25 feet long and a westerly one of 30 feet have been 
run, following a well-defined fluorite vein. At 80 feet a cross cut of 46 feet was 
made toward the north, nothing but clay and chert being found, except for a little 
fluorite near the shaft where the vein should normally have been met. 

At the 95-foot level a cross cut 6 feet long was made toward the north V)efore 
the vein was encountered, drifts being then run along the vein 53 feet toward the 
west and 18 feet toward the east. A cross cut of 40 feet toward the north is said 
to have been made also, at a depth of 114 feet. 

The oxidized zone is unusually deep at this mine, permanent water beintr found 
at a depth of 101 feet, above which the walls of the vein wore formed entirely ol 
red clay and chert. The vein also is considerably weatliered, consistinjx niainlv 
of white or purple, gravel fluorite mixed w^th more or less red (day. The strike ol 
the vein is N. 79° E., with a northerly dip of 65° to 68° where noted. Its width at 
the 60-foot level ranged from 6 inches to 8 feet, and at the !)5-foot level from half a 
foot to 2i feet. In the short easterly drift at the 95-foot level the vein has a width 
of 1 J feet, and consists of purple fluorite in bands from half an inch to 4 iiu hos wide, 
separated by thin layers of red clay. In the easterly drift of tlie nO-foot \v\A also 
the fluorite occurs in bands alternating with red clay. Yellow fluorite i> said to 
have been found chiefly at the 114-foot level. It was also seen at the '.)'» r(M)t h vol. 
a little south of the vein, in chert and red clay. 

The Asbridge mine. — The Asbridge mine, belonging to the Kaule Fl!i(»r<pai 
Company, is located nearly half a mile southwest from the Tahor shaft . It ( oii<i-t > 
of two shafts and a number of drifts, as shown in fi(::s. 16 and 17. 
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The shaft was sunk for the first 30 feet by the Kentucky Fluorspar Company, 
but was abandoned by them before ore was found. The Eagle Fluorspar Company 
began operations here' in July, 1900, since which time the work has been fairly 
continuous. 

Fluorite, which forms the ore here, was first encountered in the shaft at a 
depth of 50 feet. Permanent water level is found at about 100 feet, and all the 




Fio. 16.— Plat of Asbridge mine, showing courses of drifts. 

drifts except one have been run above this level. The rocks are therefore greatly 
oxidized wherever seen, and the ore consists of the gravel and lump fluorite char- 
acteristic of the zone of oxidation. The fluorite is of both first and second grade. 
Much *^wash gravel^' could be obtained here, but as there is no spar washer only 
the best fluorite is mined. 

The fluorite occurs as a vein, from about 2 to about 10 feet wide, apparently 
with a high northerly dip, and following approximately the fault plane between 
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the Birdsville and St. Louis formations. The Birdsville rocks form the northern 
wall of the vein, and their occurrence in the drifts is usually marked by yellow, 
sometimes sandy, clay, also by a sticky bluish clay, in addition to some red clay. 
Fragments and blocks of quartzite are occasionally seen. 

The St. Louis limestone, forming in general the south wall of the vein, is repre- 
sented by red clay and chert fragments, with occasionallv a little limonite. As 
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usual where the rocks are much weathered, scattered grains and patches of gravel 
fluorite occur in the clays near and on either side of the vein. At the 100-foot 
level, near the northern margin of the vein, and for the western 160 feet of the 
drift, occasional nearly white vein-like streaks occur in the gravel fluorite and 
red clay, having the appearance of short, thick veins, dipping toward the main 
fluorite vein. They average an inch or two in width, and range in length from 
a few inches to several feet. They are said to occur occasionally also in the central 
portion of the vein, or to extend from either wall toward the center. They are 
composed of pale cream-colored fluorite in the form of fine dust and sand, with 
occasional small fragments. Patches of fine fluorite sand, similar to those noted 
at the 100-foot level, were also seen at the 85-foot level in the south wall of the 
drift. 

Small pockets of white or cream-colored kaolinite, containing scattered grains 
of fluorite, were noted in the clay north of the vein at the 100-foot level. 

Pogue shaft — The Pogue shaft," the relation of which to the Asbridge mine 
is shown in fig. 16, has been sunk to a depth of 85 feet by the Marion Mineral Com- 
pany without finding any body of fluorite, its location being apparently a short 
distance north of the fault noted at the Asbridge. In the bottom of the shaft 
(the only portion seen on account of timbering) some gravel fluorite occurs in 
grains and small patches scattered through shale, gray clay, and pale buff, sandy 
clay. The last, similar to some of the clays noted in the Asbridge mine, is seen 
under the microscope to consist entirely of quartz in microscopic crystals and grains. 

Matthews mine, — The Matthews mine, which was closed at the time of tlie 
writer's visit, is nearly three-fourths of a mile west from the Asbridcre mine 
and a fourth of a mile easterly from the Yandell. During the years IHOO and 11)01 
a shaft 80 feet deep was sunk and short drifts were run at the 4o-foot and so-foot 
levels. A 3-foot vein of fluorite is reported to have been found at tlie bottom of 
the shaft. Sixty feet N. 64° W. of this shaft is an older one, now caved, doubtless 
on the same vein as the shaft just described. A considerable amount of fluorite- 
mainly white, with a very little purple, and both in the form of oriavel and lump 
spar — has been taken from both shafts, 300 tons having been shipped, it is claimed, 
from the older of the two. 

Yandell mines. — The Yandell mines, the westernmost of tliose shown in fii^ 
11, are given in more detail in fig. 18. The first prospect liole at this ])la(e was 
dug forty or fifty years ago, and fluorite and some pilena wcne taken out. It 
was later leased and worked for a time for lead by the Dvcusbur*: Lead C()ini>jinv. 
Fluorspar was first shipped from the mine by Henry Glass, about ls7:>. und alxMit 
a year later the property was taken up by the Cincinnati P'luorspar Conipanv, 

« A good body of fluorite has since been found at this mine. Hiid it now nniks as a nt'uhir sliij-jn r. I lie ir.-i.. ' . -i 
during the summer of 1903 is reported to have averaged about kk) tons yx^r month. 
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who shipped hundreds of tons during the next two years. The spar was hauled 
5 miles to Dycusburg and shipped by the Cumberland to the Ohio River. Since 
1896 the miiie has changed hands several times, being worked at present by the 
Kentucky Fluorspar Company. 

When this mine was visited work was being done only at the main shaft, 
No. 16, and at shaft No. 21. The drifts which were accessible are shown in fig. 18, 
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Fio. 18.— The Yandell mines. 



the majority of the older drifts and shafts having caved. Mining has been car- 
ried on here at intervals for a distance of about 1,100 feet, following a fluorite 
deposit which occurs along a doubtless somewhat complex fault of small total 
displacement, with a general trend of about N. 45° E. The rocks forming the 
vein waUs are deeply weathered, and most of the openings show mainly red clay 
with occasional blocks of limestone. Even in the deeper workings — at the 85-foot 
level from the main shaft — the walls southwest of the shaft are wholly of clay 
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for the larger part of the drift. Where unaltered walls are exposed they consist 
of Ste. Genevieve limestone, some of it more or less seamed with caicite. South- 
west of the main sliaft a considerable amount of chert was also noted, occurring 
as fragments with the clay or as nodules in some 
of the limestone. Northeast of this shaft no chert 
was seen. 

As seen in the northeastern drift from the main 
shaft, the Yandell fault has cut sharply across the 
beds of limestone on either side. On the northwest 
wall at the 40-foot level just east of shaft No. 22, 
however, the limestone, which is apparently quite 
argillaceous, has been sheared close to the vein, 

khaded portions 
clay with Iragments o( clien. 

as shown in fig, 31, instead of being 
cut sharply across. 

Wherever noted the vein dips 
southerly at a high angle, ranging from 
55° to 80°. Its width in the drifts 
from the main shaft ranges from to 
10 feet, the average being about 5 feet. 
Toward the northeastern end of the 
group the vein is considerably nar- 
rower, having an average width of F>''-2o.-s«iion.north«>,t t,.,-P.KVf,„., i,.v,.,. v„n,Mi„u,„.. 

about 3 feet, in the drifts from shaft No. 23. The vein roiisisls iii iluoritc in 
general free from caicite where it !i«a boon inineil. This 
IS doubtletis due to the removal of tlio ciilcitf by solu- 
tion in the weathered portions of llic vt'iii. iiiiti. judging fnmi 
the onh exposure seen of unoxidizcd vein anil walls (lig. 'Jiik 
caicite ina> be expected to be relatively abundant botnw 
ground ^vater level. Very httle galena has been found with 
the fluonte at these mines, and the sniall amount met witli 
usually occurs near the surface. 

■ At the face of the drift southwest of sliall No. 2 iuiiiut- 





.— Sbeared UmmtODO 



OU3 irregularly-shaped patches of gravel Hiionti- n 
hanging wall near the vein, scattered in a mai 
and yellowish clays, as shown in fig. Ifl. These are found at a ilcjilli < 
feet, and are probably due to a partial breaking up of the vein near llie ^ 
a scattering of the broken portions in the adjacent clays. 
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HODGE GROUP. 

Oeneral features, — ^The mines and prospects of the Hodge Group, shown in 
fig. 22, are located on a number of approximately parallel fissures, of which the 
main one (the Hodge fault) separates the St. Louis limestone on the north from 
the Cypress and Ste. Genevieve formations on the south. The two most important 
mines of the group, the Hodge and the Brown, are situated on or very close to this 
fault, while the Riley and Lovelace shafts, the Redd open cut, and the Reiter 




Redd 
Open cut 



jjmilc 



Fio. 22.— Hodge group of mines. 

prospects, all in the St. Louis limestone, ar^ probably on minor faults a short 
distance north of the main fault. Fluorite deposits of greater or less extent have 
been found at all the openings of the group, the fluorite in most of them being 
associated with some galena. The vein at the Hodge mine is the widest seen in 
the district, reaching a maximum width (so far as developed) of 19 feet. 

Some distance northwest of this group are two isolated workings on fissures 
nearly parallel to the Hodge fault. One of these consists of several shallow holes 
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(known as the Butler prospects) in altered St. Louis limestone, about 1 mile north- 
west of the Hodge mine, three of these holes being on a small and unimportant 
vein of fluorite with a trend of N. 41® E. The other is the Ebby Hodge mine, about 
half a mile a little east of north of the Butler prospects, partly in a Chester sand- 
stone and partly on a fault between Chester and St. Louis rocks. 

Hodge mine. — The Hodge mine, leased by the Kentucky Fluorspar Company, 
is situated about 2 J miles' southwesterly from View. A plat of the mine with 
details of the more important workings is shown in fig. 23. The first work was done 
here in 1898, when operations were confined largely to the open cut at the surface 
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Fio. 23.— Hodge mine. A, surface features: B, vertical northeasterly section throuph the main shaft: C. plan of low. st 

level of main shaft. 

(shown in fig. 23), and a considerable amount of surface fhiorito was shipped at that 
time. These older openings have now caved for the most part. 

When this mine was visited, work was being done at shafts No. 2, 3. and 4, 
Permanent water level is at a depth of about 100 feet, very little oxidation beini: 
noted in the lowest and only accessible drifts of the main shaft, whicli ran<ro in dc^pth 
from about 130 feet to 162 feet. The plan and stopes of these lowest l(»vel> are 
shown at B and C, fig. 23. The ore from the main drift oeeurs as a well-defined 
vein of very variable width, as shown at C, fig. 23. The inaxiinuin width >lm\\n 
in the figure is 14 feet 9 inches, though the width of 19 feet is said to have heeii 
reached at one point in this drift. The observ^ed dip of the vein ranire-^ IVoin 7') 
toward the southeast to 88° toward the northwest. Both walls, which are ot lime- 
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stone, slickensided here and there and somewhat seamed with fluorite and calcite, 
are well defined and sharply differentiated from the vein. The southeastern wall is 
somewhat more uneven than the northwestern. The vein is frequently sheeted close 
to one or both walls, the sheets ranging from about one-half to li inches in thickness, 
with sUckensided surfaces. The material of the vein is largely massive, granular 
fluorite of variable grain. It is of first quality, translucent, and nearly all white. 
A small proportion of galena is associated with the fluorite here and there, and 
where this occurs in sufficiently lai^e pieces, the ore is saved for crushing and jigging. 
Occasional pockets or seams of coarse white calcite, also fragments of limestone, 
occur in the fluorite, usually toward one or both walls. Besides these minerals, fine- 
grained sphalerite occurs disseminated in the limestone of both walls, mainly the 
southeastern, and also in the fragments of limestone in the fluorite. The ore as 
taken from the mine is fairly clean, requiring usually only a rough sorting of the 
lumps according to size, any fragments of rock or calcite being removed by hand. 

Lovelace and Dan Riley shafts. — The Lovelace and Dan Riley shafts, between 
a quarter and a half mile southwest of the Hodge mine, were both sunk in 1899 
and 1900, by the Eagle Fluorspar Company, on what was supposed to be the Hodge 
vein, but is probably a parallel fissure, or perhaps two parallel fissures, in the St. 
Louis, a short distance north of the Hodge fault. At the Riley there is a short 
tunnel just southwest of the shaft, following a vein which has here a strike of about 
N. 46® E., the shaft itself being a little to one side of the vein. At the Lovelace 
shaft no definite vein was found. From near the surface at both places, however, 
a considerable amount of gravel and lump fluorite was mined and shipped. The 
ore is similar to the surface ores obtained from the Hodge and Brown mines. 

Brovm miv^. — The Brown mine consists of an old shallow shaft and a shallow 
open cut, the latter about 330 feet long. The average strike of the exposed portion 
of the vein is about N. 46® E. Although the vein is apparently in St. Louis lime- 
stone, no Chester rocks having been noted from the cut, it must be close to if not 
on the Hodge fault, since Cypress sandstone occurs 175 feet southwest of the cut. 
The ore is, as usual, fluorite, both gravel and lump. Some galena occurs scattered 
in the fluorite or in the clav. 

Redd open cut, — ^The Redd open cut, three-eighths of a mile from the Brown 
mine, was dug during the summer of 1901 for the Western Kentucky Mining Com- 
pany. It follows a vein having an approximate 'trend of N. 48® E. and filling a 
•fissure in the St. Louis limestone parallel to the Hodge fault. Some of the best 
fluorite has been shipped, much wash gravel and lump fluorite still remaining on 
the dump. While some of the lump fluorite is free from foreign matter, most of 
it contains more or less impurity, mainly in the form of fragments of chert. 

Ebby Hodge mine. — A typical occurrence of fluorite in faulted Chester rocks is 

10696— No. 36—05 13 
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seen at the Ebby Hodge mine, about half a mile east of north of the Butler prospects. 
This mine was not located accurately with reference to the Butler prospects, nor 
were the adjacent fault lines followed, so that their structural relations are not 
definitely known. 

The mine consists of two series of openings, an eastern and a western, having 
the relations shown in fig. 24, and located on an easterly facing slope, the eastern 
series toward its base and the western well up on the slope. 
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FiQ. 24.— Ebby Hodge mine, showing surface and underground fiMtuns. 

The western group of openings has followed a belt of coarsely sluM^ied Chester 
sandstone and quartzite marking a zone of minor fauhin<i:. Some of ilie smtai rs 
of parting are fluted and striated as a result of the movements aloni; them. Their 
strike is variable, but where noted, near the northwestern end of the <:rou]). averau:<vs 
about N. 37° E., the dip ranging from 77° southeasterly to 75° northwest erl\ . In 
addition to the sheeting, the rocks are coarsely breeeiated more or I(\ss thonuiiihlv. 
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Fluorite has been deposited along the fault planes and also cements, more or less 
completely, the brecciated sandstone and quartzite. These fluorite seams are 
occasionally a foot or more in width. 

The eastern series of openings consists of a number of prospect holes and two 
open cuts, the latter with short drifts at their southwestern ends. All of the open- 
ings from which ore has been obtained are located on a fault of several hundred 
feet throw between St. Louis and Chester rocks. A fluorite vein, with a strike 
of about N. 53® E. and a noted width at one point of 6 feet, follows this fault plane. 

RILEY GROUP. 

General features, — Norwood" has described three occurrences of fluorite north- 
east of Pinckneyville — at (1) the Tisdall shaft, 57 feet deep, and about 2 miles north 
of Pincknejrville; (2) the Robert Woods shaft, 35 feet deep, about half a mile 
northeast of the Tisdall, and (3) the Henry Woods shaft, near the last and about 
3 miles northeast of Pinckneyville. All these are on what he has called the Excelsior 
lode, following a fault between Chester and St. Louis rocks. 

Woods shaft, — Of these three old shafts only one, the Henry Woods, was seen 
by the writer, and this was not being worked at the time. This shaft belongs to 
the Riley group, shown on the map, about 3§ miles southeast of Salem and a short 
distance south of Puckett Spring. 

The Riley mine, at present the only important member of the group, is located 
in Crittenden County, northeast of Puckett Creek, all the others being southwest 
of the creek, in Livingston County. As seen on the map, these openings are located 
on three nearly parallel faults. 

Henry Hodge and Woods prospects, — Two hundred or three hundred yards west 
of the Woods shaft is a line of new and old prospect holes with a northeasterly 
trend, constituting the Henry Hodge and the Woods prospects. All are probably 
on a fault in the Chester, with a trend of approximately N. 43° E. Some ore has been 
found in four of these holes, either fluorite or smithsonite, or both. At one of the 
prospects galena is associated with the fluorite. 

RUey mine, — The Riley mine, owned by the Marion Zinc Company, consists 
of a shaft 75 feet in depth, with a drift 26 feet long toward the northeast at a depth 
of 30 feet. It is located on a fluorite-bearing fissure between the St. Louis limestone 
on the southeast and the Birdsville formation on the northwest. The general 
width and dip of the vein as developed in sinking the shaft are shown approximately 
in fig. 25. The strike is N. 44° E. In the lower 10 feet of the shaft the vein has 
a width of from 3 to 3i feet; toward the top of the shaft it apparently widens 
considerably. 

a Norwood, C. J., Report of a reconnoiosance in the lead region of Livingston, Crittenden, and Caldwell counties: Geol. 
Survey Kentucky, vol. 1, pt. 7, 2d ser., 1876, pp. 465-469. 
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The southeastern wall of the vem consists of red clay and chert with scattered 

blocks of St. Louis limestone. This 
limestone where seen contains prac- 
tically no calcite^ only an occasional 
thin seam parallel to the fault plane 
having been noted. The northwestern 
wall consists of quart2dte and gray 
shale belonging to the Birdsville for- 
mation. Toward the bottom of the 
shaft next to the vein on the northw^est, 
and between it and the main body of 
Birdsville rocks, is a strip of shale about 
3 feet wide, apparently dragged in 
along the fault plane. 

The vein as a whole consists mainly 
of fluorite, and contaijis a variable 
though on the whole considerable pro- 
portion of galena — more than is com- 
monly seen in the fluorite veins. The 
fluorite is locally associated with more 
or less coarse white calcite. This oc- 
curs in places intergrown with baritc. 
the latter containing occasionally a lit- 
tle galena. Here and there, especially 
toward one margin or the other, scat- 
tered fragments of chert or quartzitc 
occur in tlie vein. The fluorite in 
places shows a pronounced banding 
parallel to the vein walls. At the face 
of the drift at the 30-foot level a good 
\fu\S/s* ^^ ^ section of the vein is exposed, as shown 

^\fe4 i^^^ in fig. 26. 



EVENING STAR GROUP. 

General jeaiurcR. — The mines and 
prospects of the Evenin^j: "^tar iirroiij), 
about \\ miles southeast of Salcni.arc 
located on one or more veins, lillinj^^ 
fLssures along or close to tiic Evcniiii: 
Star fault, which has a general southeasterly dip, with an averasre trend \\vvv ol 
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PlO. 25.— Vertical section of Riley shaft, showing cross section 
of fluorite vein. Barred areas are blocks of limestone. 
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about N. 40 E., and lies between the Cypress and Ste. Genevieve formations on the 
southeast and the St. Louis limestone on the northwest. The relation of the 
mines of the group are shown in fig. 27. 

The ore from this group is mainly fluorite, carrying a small and variable propor- 
tion of galena and usually associated with a good deal of calcite, which in places 
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Fio. 26.— Section of vein at face of northeast drift at 30-foot level, 

Riley mine. 



Fig. 27.— Evening Star group of mines. 1, Even- 
ing Star, main shaft; 2, Evening Star, shaft 
No. 2; 3, 5, and 10, fluorite prospects; 4 and 9, 
surface outcrops of jasperoid and fluorite; 6, 
Moniing Star No. 2 shaft; 8, Morning Star No. 2 
shaft 7, Morning Star incline; 11, Nancy Hanks 
shaft. 



forms the bulk of the vein. Galena also occurs to a more limited extent in lime- 
stone and with calcite. Sphalerite is common and in places abundant, occurring 
partly in and with fluorite, but mainly replacing limestone. Limestone fragments 
are common in the ore, and while the vein is probably fairly well defined in general; 
it would seem that in places it grades into a cemented breccia of more or less silicified 
Ste. Genevieve limestone (jasperoid). The limestone with and adjacent to the ore 
body is locally replaced by coarse calcite in patches. The limestone of the breccia 
and the limestone fragments in the calcite or fluorite, besides being replaced to a 
greater or less extent by quartz, together with fine-grained sphalerite, usually 
contain more or less disseminated fine-grained fluorite. That some movement has 
taken place along the fault plane since the deposition of the ore is indicated by 
slight faults noted in some of it, also by the occurrence of galena with warped 
cleavage surfaces and occasionally drawn out to a fibrous condition. 

Evening Star mine. — Of the two shafts at the Evening Star mine the south- 
western or shaft No. 2 was sunk a little to one side of the vein; no ore being found. 
The northeastern or main shaft was sunk on the vein, following its foot wall, which 
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is said to have been well defined, no definite hanging wall having been found. Two 
southwesterly drifts have been run on the vein from this shaft, one at the 50-foot 
level with a length of 25 feet, the other at a depth of 89 feet for a distance of 150 
feet. As the mine was not open when visited no definite statement can be made as 
to the mode of occurrence of the ore here. The general character of the ore taken 
from the mine is that already indicated for the group. Some prospecting has been 
done at an outcrop on the south side of the creek a short distance northeast of the 
main shaft, where there is an exposure of ore about 12 feet in width. No definite 
vein was seen, the fluorite associated with some galena being irregularly distributed 

in a more or less weathered lime- 
stone, which contains some sphalerite. 
A sheeted zone, about 1 foot in width, 
occurs in the rocks at one point. 

Work was begun at this mine in 
January, 1899, by the Eagle Fluorspar 
Company and since that time it has 
been worked inteimittently. When 
visited machinery was being installed 
for the separation of fluorite, galena, 
and fine-grained sphalerite.' 

Morning Star mine.- The Morn- 
ing Star mine, belonging to the 
American Lead, Zinc, and Fhionsj>ar 
Company, consists of two shafts and 
an incUne. Work began here in the spring of 1900 and was continued until al>()ut 
the middle of 1901, when operations ceased. A good deal of fluorite was obtained, 
and the best, between two and three hundred tons, was sold to the Evening Star 
mine, the balance being marketed for fluxing purposes. 

While the ore in general has the characters common to the group, a large part 
of the fluorite noted has the appearance of a limestone seamed with moderately 
coarse-grained fluorite, the limestone having been replaced with fluorite of a finer 
grain. Limestone breccia cemented by fluorite, and fluorite containing frag- 
ments of limestone are common, the rock in both cases more or less comph^tely 
altered to jasperoid mixed with some fluorite and fine-graincnl sphal(Mit(\ A 
considerable amount of coarse white calcite occurs at this mine associatiul wiih 
the fluorite or replacing limestone. 

a A n«w shaft Is being sunk by the Eagle Fluorspar Company at this mine. When hist visual !>> Mr. I m!i> iIm^ -ti -ti 
had reached a depth of 100 feet, the entire distance being through Ste. (Jenrviovo liniestoiu'. Tlu- sliait is o\\ i!i. \( ir. t i,; 
near enough to Intersect It atadepthof 1"»0 feet or less. At 100 feet the proximity Xo ihr v<in is IikIk iiir.i l.y i ti;i..l ;.. ;.. i , 
encountered at this depth and also by the fact that the limestone is horoscjmied with calcitt' jincl <<uit;i'ii?^ <'.< - v|,,.|,,i ^'t..i;i,s 
of sphalerite.— P:. O. U. 
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FiQ 28.— Section of vein at bottom of Nancy Hanks shaft. 
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Ore similar in a general way to that from this mine was obtained from prospect 
No. 5 (fig. 27). 

Nancy Hanks shaft. — The Nancy Hanks shaft, located a few yards east of a 
surface outcrop of fluorite, was sunk for the first 45 feet in the summer of 1900, and 
when visited by the writer it had reached a depth of 85 feet. At the bottom only 
a part of the vein and the western wall are exposed, this portion of the vein having 
a width of about 5 feet. The western wall is of dark-gray limestone containing some 
chert and seamed with calcite, the larger seams parallel to the walls of the vein, the 
finer ones running in all directions. The vein (see fig. 28) has a southeasterly dip 
of about 75°, and is composed mainly of coarse calcite considerably banded 
and associated with some fiuorite and galena. One of these bands contains frag- 
ments of jasperoid. Close to the western wall the vein shows a few inches of gravel 
fluorite. 

MINES AND PROSPECTS SOUTHWEST OP SALEM. 

Southwest of Salem there are comparatively few mines and prospects, and these 
are rather widely scattered. So far only a few veins of importance have been 
developed, although it is probable that other well-defined veins occur in this direction. 

Royal mines, — The Royal mines, commonly spoken of as the Old Silver mines, 
and in the early days of their history known as the River Valley mines, are among 
the oldest in the district. They were situated nearly 3 miles northeast of Smith- 
land, just west of and above the Cumberland River. When the region was visited 
by Norwood the mines were not in operation. He reports that one of the three 
shafts sunk had a depth of 175 feet, being at that' time the deepest in the western 
Kentucky district. One of the shafts had already caved, and since that time all 
the rest have caved completely. As these mines were exploited only for silver, 
this early mining was unprofitable. 

The shafts were located on an ore-bearing fissure having a strike of about 
N. 62° E., with Cypress sandstone on the southeast and Ste. Genevieve Umestone 
on the northwest. As noted at the old southwestern shaft, the quartzite forming 
the southeastern wall was considerably brecciated and seamed with fluorite at least 
6 or 8 feet out from the fault plane. The limestone forming the northwest wall 
is seamed with calcite. Just northwest of the central shaft the limestone which 
here forms a low cliff is jointed, the joints nearly vertical and approximately parallel 
to the main fissure. Some of them contain thin veins of calcite, in places associated 
with some fluorite and fine-grained sphalerite, or less oiten with barite. According 
to Norwood's description, the main vein here does not differ in composition from 
those most commonly found in the district, consisting mainly of fluorite together 
\tith a small and variable amount of galena. 
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In 1902 the Owens Cave Mining Company obtained a mineral right on this 
property, and a new shaft was sunk about 150 feet from one of the old shafts, to a 
depth of 50 or 60 feet in the quartzite wall of the vein. The quartzite in this shaft 
is brecciated and somewhat cemented with fluorite. 

Benard or Klondike min^. — The Benard mine, 6 miles southwest of Salem, on 
land leased by the Pittsburg Mining and Reduction Company, consists of a number 
of shafts and a tunnel, shown in fig. 29, the shafts being located near the summit 
of a short spur running southwestward, and the tunnel having been driven into 
the base of the same spur near its southwestern extremity. From the mine there 
is a tramway to the Cumberland River, lA miles distant, where the ore (fluorite) 
is shipped. When the mine was visited operations were confined to sinking the 
Johns shaft. 

All the openings are located in Chester (Cypress?) quartzite along a zone of 
faulting (the Pittsburg fault). This faulting has sheeted and brecciated the Chester 

sandstone, which has been silicified along the zone into 
a massive quartzite. Scattered outcrops of this rock are 
found near the crest of the ridge, and on one of these the 
Johns shaft is located. Patches of Chester shale or 
thin sheets dragged in along the fault planes occur here 
and there w4th the quartzite. At the end ot the spur 
the quartzite forms a low cliff just above the tunnel. 
The sheeted structure here is shown in PI. XII, A. The 
general strike of the fault appears to be about X. 32° E., 
though that of the planes of sheeting is very variahle, 
ranging from N. 15° E. to X. 44° E. Xo dofinito vein 
was noted either at the Johns shaft or at the tunnel, tlie 
ore being found only in small amount at either place, 
occurring as. thin seams in the fractured quartzit(\ 
These seams consist mainly of fluorite with some 
galena. A very little galena also occurs disseminated in the quartzite. At the 
tunnel seams of barite or of barite and fluorite are found in the quartzite, these 
seams having a maximum width of about 1} inches. To judge from the duni])s 
at the deeper shaft, limestone somewhat seamed with calcite occurs at no great 
depth, and from this zone a good deal of coarse calcite is ohtaincnL The cal( ite 
is associated with more or less fluorite, and contains here and there small angular 
fragments of limestone. Bowlders of seamed limestone were also noted in tlic^ 
tunnel northwest of the winze.'^ 

"Recent developments at the Klondike mine, as reported by Mr. F. R. Moodio. ^^^. Lorson Fmiikliti. tlir i<.ri ni;ni of ihr 
mine, and others, are as follows: The main shaft, known as the "John shaft," which is tho only otir now In iim ij . r.it< rl. 
is to be sunk 300 to 400 feet. Befojre the close of 1003 it had rcachwl a depth of KM) fopt, wImmi cross-fiits \\t n- (lri\< n -.mili^ 
east and northwest. The southeast cut is 35 feet in length and passes through the vein in the I'ltthhiir^' fault {>l.iiit w in, !i 
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Fig. 29.— Benard mine. 
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CoTcer shaft. — The Coker shaft, also leased by the Pittsburg Mining and Reduc- 
tion Company, is an old shallow shaft sunk in part about 1878, and the rest in 1901. 
It is located about 1 § miles northeast of the Benard mine, in Chester quartzite. No 
vein was seen here, though some faulting has taken place, as indicated by slicken- 
siding on some of the quartzite. Some fluorite occurs here as a cement to the some- 
what brecciated quartzite, being found in druses and in seams, usually less than 
half an inch wide, though occasionally reaching a width of about 2 inches. A minor 
proportion of galena and fine-grained sphalerite is associated with the fluorite. 

Hudson mine and Pierce prospect. — The Hudson mine and Pierce prospect 
are nearly 3 J miles southwest of Salem, and a little less than a quarter of a mile 
east of the road from Salem to Vicksburg. They are situated about 35 feet apart, 
on a vein of fluorite having a strike of approximately N. 54° E. Neither of them 
is being worked at present. The Pierce prospect consists of two shallow holes 
about 10 feet apart, while the Hudson mine, northeast of this, comprises a shaft 
and some open cutting at the surface, all now caved. In this shaft fluorite of 
excellent quality was obtained, the vein having a width of 6 inches in the upper 
part of the shaft, and reported to have been 4 feet wide at the bottom. Lime- 
stone, somewhat seamed with calcite, and chert fragments were the only rocks 
noted at these openings. 

MINES AND PROSPECTS NORTH OF SALEM. 

Butler prospect. — The Butler shaft, a Uttle more than half a mile northwest 
of Salem, was sunk in 1899 to a depth of 30 feet in brecciated Chester quartzite 
more or less completely cemented with thin seams of fluorite. That some faulting 
has taken place here is shown by the occurrence of sUckensiding on some of the 
blocks of quartzite. 

BABB GROUP. 

General features. — About a mile and a half north of Salem is a small group 
of openings which are located with reference to the road shown on the map, though 
the road itself was not traversed, so that the exact relation of the openings to 
each other is not known. From such location as was made, however, it is seen 
that all the openings are practically in a straight line, and it is probable that all of 
them occur on a fault with a strike of about N. 54° E., although no definite evidence 
of faulting was noted at any of them. The entire group is characterized by the 
occurrence of gravel and lump fluorite, though from only two members, the Guill 
and the Ramon Babb mines, has any fluorite been shipped. Calcite is common 

had dipped out of the shaft. This vein when drifted in was found to contain an ore body, 3 to 9 feet in width, consisting 
largely of white fluorspar mixed with considerable calcite and smaller amounts of galena. The northwest cross-cut passes 
through Ste. Genevieve limestone and at 50 feet from the shaft struck another vein, presumably the Latrobe, which should 
intersect the Pittsburg fault near this point. The reports concerning this second vein are conflicting, hence no statement 
as to its width and character can be made here.— E. O. U. 
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or abundant at a number of the openings, while at several of the prospect holes, 
toward the northeastern end of the group some barite occurs with the fluorite. 
The latter is found with clay, together with one or more of the following rocks: 
Sandstone, quartzite, and shale, belonging to the Chester group, and limestone, 
probably Ste. Genevieve, seamed ^ith calcite. At most of the openings both 
Umestone and either quartzite or shale occur. The exact relation of the limestone 
to the other rocks was not seen. 

Ramon Babb mine. — The Ramon Babb mine, at the northeastern end of the 
group, was worked by the Eagle Fluorspar Company from June, 1899, to August, 
1900. It consists of two shafts and several prospects, the main shaft, 80 feet 
deep, being formed by the cutting together, for the upper 30 feet, of two shafts 
about 30 feet apart, so as to form a single, narrow shaft 40 feet in length. From 
this shaft a large amount of both fluxing and grinding fluorite has been obtained 
and shipped, about 1,500 cubic feet of screened spar still remaining at the mine. 
The fluorite is associated with a minor proportion of galena, and sphalerite is 
reported as occurring in the limestone at the bottom of the shaft. Shaft No. 2 
was sunk north of the vein, to a depth of 30 feet, and only lower Chester (?) shale 
was found in it. 

Tom Babb prospect. — This prospect consists of two holes 200 feet apart, the 
northeastern one being about 240 feet S. 54° W. from the Ramon Babb main shaft. 
From both these holes some fluorite, both gravel and lump, was obtained, asso- 
ciated with some barite at the northeastern hole. 

Morse shaft. — The Morse prospect, consisting of a shallow shaft, now caved. 
is situated just west of the road from Salem to Pleasant Grove, and dift'ers in no 
essential particular from the other openings of the group. 

Guill mine. — At the Guill mine, at the southwestern end of the ^roiip, there 
are two shafts, sunk a number of years ago, from both of which a consi(lera])le 
amount of fluorite has been obtained and shipped. The southwestern shaft has 
a depth of about 60 feet, while the other, located about 190 feet X. G:^° E. of this, 
is about 85 feet deep. A large amount of coarse white calcite has been taken 
from both shafts. The fluorite is associated with more or less pilena, and some 
of it contains somewhat weathered fragments of limestone. Some sphalerite 
probably occurs with the ores in depth, as indicated by the small amount ofsmith- 
sonite seen with the fluorite already mined. Some of the limestone noted at tlie>e 
mines is almost black, owing to bituminous matter contained in it. 

Crosson Cave prospect. — This property, now being operated l>y the (rittcnden 
Mining Company, is situated nearly 2 miles southwest of Mount Zion (luin li. oii 
the road to Salem, and 200 yards southeast of the road. Some Ihiorspar lia^ hocn 
shipped from a short, shallow open cut at the surface. The prospect i> chitlly of 
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interest, however, on account of the occurrence here of two intersecting veins, 

and of the clear exposure of their relations. 

At the surface is a broad sink hole about 10 feet deep, at the bottom of which 

are two openings into the cave. In this, so far as explored, there are two chambers, 

an upper and a lower. The floor of the first is 11 feet below the entrances at the 

bottom of the sink, the other being about 

42 feet below this floor. In the lower 

chamber there is a flowing stream of 

water. The two surface openmgs 14 

feet apart, have been formed on a vem 

with a course of N. 10° W. The smgle 

opening which joins the upper and lower 

chambers has formed in the obtuse angle 

between this vein and a second with a 

trend of N. 37° E. 

Both of these veins fiU fissures due 

to faulting, although in both cases the 
amount of 
faulting is 
small. The 
throw of the 
northwestern 
fault, as seen 
on the north 
wall of the up- 
per level, is 2 
feet 1 1 inches, 

while that of the northeasterly fault, seen at the same 
level, is a little over 7 feet. The northwestern vein dips 
toward the east at an angle ranging from 70° to 81° at 
the upper level to approximately vertical at the lower 
level. Its width varies from about 8 inches to a little 
more than 2 feet, and it is composed of fluorite, calcite, 
ot vdns "^ lower icvpi? croBBon and somc barlte. The northeastern vein has a south- 
erlj' dip ranging from about 65° at the upper level to 

about 84° at the lower. Its width is nearly 3 feet in the lower chamber, while 

it pinches in the upper, as shown in figure 30. This vein, like the other, is composed 

of fluorite, calcite and barite. It is not continuous, but b cut off abruptly where 

it meets the northwesterly vein, as shown in figure 31 . The western wall of the latter 





Tin, 30.— Vertical *ectloD, Crouon Cave, sbowing met w 
al upper and part of lower chamber. 1, Fluorite vein; 
bed In limestone, ihowing amount of faultinK. 
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vein at the upper level gives no indication of a fracture corresponding to the north- 
easterly vein, though this wall at the lower level shows a nearly vertical series of 
short and very thin calcite seams arranged en echelon along the course which the 
vein would take if continued. North of the northeastern vein at the lower level 
are seen a number of smaller parallel veins, as shown in figure 31, varying from a 
fraction of an inch to about 3 inches in width, and composed of calcite, fluorite, 
and barite, or of one or two of these minerals. 

NOTES ON RECENT DISCOVERIES. 

The following notes on some of the more important recent discoveries and 
developments in the district were drawn up by Mr. Ulrich, in part from personal 
observations, but chiefly from information furnished by Mr. F. J. Fobs and others. 

Struck-it-rich mine, — The developments at the Struck-it-rich mine, operated 
by the Mountain Lead, Zinc, Fluorspar Company, and located about a half mile 
northeast of the Crittenden Springs Hotel, consist of two shafts, several minor 
prospect holes, and an open cut. All of these openings seem to be short distances 
east of the main Columbia fault, apparently on a vein or veins diverging north- 
eastward from the Columbia fault. At both the Struck-it-rich and Lone Rock 
shafts both walls consist of Ste. Genevieve limestone, either overlain on one side 
by the lower part of the Cypress sandstone or with this sandstone outcropping 
near by. The stratigraphic relations of the two walls, therefore, indicate only a 
slight degree of faulting; also that the vein or veins in these shafts belono; to the 
subsidiary set of fractures of which the Memphis and Klondike veins are the best 
known. Being much nearer the Columbia fault than the Memphis vein, the 
Struck-it-rich vein is Ukely to contain more brecciated material, and in this respect 
to partake more of the character of the Columbia vein. 

In the Struck-it-rich shaft, as reported by Mr. Fobs, Ste. Genevieve lime- 
stone occurs within 5 feet of the surface in the southeast wall and at a depth of 
15 feet in the northwest wall. Overlying the limestone on the latter side of the 
vein is a bed of shale, apparently belonging to the Ohara member of the Ste. Gene- 
vieve. At the surface the vein has a width of nearly 10 feet; at a (lej)th of 35 feet, 
however, the vein had gradually narrowed to 2 feet. At this depth the northwest 
wall showed seams of calcite with sphalerite and galena, the soutlieast wall seams 
of calcite only. Between the walls the ore, of which over 100 tons was extracted, 
consists chiefly of smithsonite, some of it containing a large percenta<^e of iralena. 
Small amounts of smithsonite were secured also from two proijpect holes southwest 
of the shaft. 

Sinking in the Struck-it-rich shaft was continued durinjj: the past winter. 
and, according to latest advices from the president of the c()nij)aiiy uperatiiii: 
at this mine, the ore body has widened again to between 7 and S feet at a depth o(' 
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48 feet. Abundant samples sent with this information are very rich in medium 
fine-grained sphalerite and much coarser galena, mixed with calcite and unreplaced 
fragments of limestone. No fluorite was observed in these samples, but Mr. Fobs 
reports that very small quantities of this mineral occur in this shaft above the 
35-foot level. 

Lady Farmer mine. — ^This mine is situated mainly between and near the junction 
of the Old Jim and Walker dikes, a short distance southeast of the Old Jim mine. 
The property is owned and operated by the Henderson Company, and the ore is 
smithsonite, similar to that at the Old Jim mine. At present the mine consists of 
a number of prospect holes and an open cut, from which a drift was run about 75 
feet toward the southeast. In the cut and drift the carbonate varied in width from 
nothing to 10 feet. About 50 tons of ore were shipped in 1903, several car loads 
remaining on the dump. 

Cariwright mine, — At this mine there are two shafts which were sunk by the 
Deer Creek Mining Company on the Widow Ckrk land, less than a mile south of 
Sheridan. The vein which this company proposes to mine here is in or adjacent 
to the plane of the Glendale fault. 

At a depth of 62 feet the more promising of the two shafts contained a streak 
of zinc and lead sulphide ores about 2 feet in width. Between this and the Birds- 
ville shale in the hanging wall there are between 12 and 14 feet of limestone carrying 
small amounts of sphalerite, galena, calcite, and fluorite. The other shaft, about 
20 feet north of the first, was sunk 70 feet in the St. Louis limestone, which forms 
the country rock on the northwest side of the Glendale fault. Being quite off the 
vein, nothing of value was found in this shaft, though the limestone penetrated 
was here and there plentifully intersected by thin seams of fluorite and calcite con- 
taining insignificant amounts of zinc and lead. 

Hoisting machinery is being installed at this mine and active developments are 
to be carried on during the present season. 

Keystone mines, — These mines, which are being operated by the Keystone 
Mineral and Mining Company, are on the T. C. and J. B. Carter land, a mile or 
less southeast of Siloam Church. The shafts are located on or near the Columbia 
fault, which here brings Ste. Genevieve limestone in juxtaposition with the Birds- 
ville formation. 

Work was begun in April, 1903, the first shaft being sunk 50 feet in quartzite. 
At this depth two crosscuts were made — one east, cutting quartzite only, the other 
west for 40 feet, passing through 30 feet of barren quartzite and then 10 feet of shale. 
The sudden transition from quartzite to shale probably indicates an unmineraUzed 
subsidiary fault plane. The east crosscut should have been continued to the main 
fault plane between the Birdsville and Ste. Genevieve formations, providing the 
location of this shaft is not too far west of the fault line. 
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A second prospect shaft was next sunk, about 200 yards northeast of the first, 
to a depth of 40 feet. A crosscut for 10 feet to the west from the bottom of this 
shaft passed through a vein of mainly No. 2 fluorspar about 6 feet in width. The 
walls of this vein being of Birdsville shale on the west and Ste. Genevieve limestone 
on the east, it lies most probably in the main plane of the Columbia fault. 

Shaft Xo. 3, which is to be the main shaft, is located about 25 feet northeast 
of shaft No. 2. Sinking was begun in September, 1903, and continued to the close 
of the year, when the shaft had reached a depth of about 85 feet. The vein was 
cut on the dip, the first fluorspar coming in at 30 feet and the water level at 50 feet. 
The vein dips westerly, but not enough to pass entirely out of the shaft at its present 
depth, about 2 feet of it, consisting of white and purple fluorspar bowlders in residual 
clay, remaining within at the bottom. Wliere entirely within the shaft, the max- 
imum width of the vein is about 5.5 feet. About one-third of the 75 to 100 tons 
of fluorspar on the dump is No. 1 white, the remainder containing some unreplaced 
or only partially replaced limestone and small amounts of disseminated galena. 
The east wall is much corroded, but the bottom of shaft is nearly solid Ste. Gene- 
vieve limestone. Shales of the Birdsville formation form the west wall to a depth 
of 75 feet, beneath which it consists of quartzite. Some of this quartzite is 
brecciated and recemented with purple fluorspar. 

L, F. White mine, — This is situated about 1 mile north of View, on either an 
extension of the Woods fault or on one of the subsidiary planes of the Marion fault. 
The vein was worked by open cut and considerable gravel spar was shipped l>y tlie 
Kentucky Fluorspar Company. Owing to excessive royalties this company has 
given up its lease on the property. 

Senator mine. — This mine is located on one of the planes of the Bodard fault, 
about 5 miles northwest of Princeton. The main shaft is sunk on tlie soutli side 
of a linear mass of Chester quartzite and between this and the ed^e of a considerable 
bed of Chester limestone, the exact age of which remains to be determined. Above 
water level, which is within 2 feet of the surface, some zine carbonate and galena 
were procured. Beneath water level the ore, which occui-s principally in the form 
of large bowlders, is a mixture of high-grade sphalerite and tralena, witli smaller 
percentages of brown and purple fluorite and calcite. Asa rule the fluorite occurs 
in a separate band on the limestone side of the shaft, with the lead and zinc ore on 
the opposite side. 

At the close of the year 1903 this shaft had been sunk to a depth of ()") iV^t. 
At this depth the vein is reported as 4 feet to 5 feet in width, and as consist in^^ of 
two well-marked and nearly equal bands. The band on the limestone >u\{^ of tlic 
shaft still consists mainly of fluorite, with small grains of tralena <lisseniiiiat<(l 
through it, while the band on the sandstone side is largely comj)osed of ri< li but 
intimately mixed galena and sphalerite ore, with very little fluorite. 
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A number of prospect holes and shafts that it was hoped might strike this vein 
have been sunk in the immediate vicinity of the Senator mine, but so far as known 
without notable success. 

Professor Wright shaft — This shaft seems to be located on or very near the Fair- 
view fault, about three-fourths of a mile southwest of Carrsville and a short distance 
west of the road to Joy. In October, 1903, when the shaft was visited by Mr. 
Fobs, the Ohio Valley Mining Company had sunk it to a depth of 58 feet. The 
east wall consists of nearly horizontal lower Birdsville, the west wall of upper Birds- 
ville sandstone, shale, and finally limestone, dipping strongly to the west. Small 
deposits of lead and zinc sulphides, with smaller amounts of quartz and fluorspar, 
occur between the bedding planes of the limestone and also in the interstices where 
the limestone was jointed and brecciated. Above the limestone and shale the vein 
was filled with brecciated quartzite carrying good lead and zinc values from the 
water level, which is within 5 feet of the surface. 

At a depth of 70 feet two crosscuts were run, one east for 4 feet in only slightly 
brecciated white quartzite containing little ore, the other west for 16 feet. In the 
latter the quartzite is reported as being more brecciated and stained dark by shales; 
also that it contains considerable bodies of lead and zinc sulphides, the heaviest 
being a few feet west of the shaft and nearly 2 feet thick. 

SUMMARY. 

AQ of the foregoing mines and prospects are shown on the map (PI. VIII) 
opposite page 116. Many other prospects within the area covered by .this map are 
shown on it, but as they are either insufficiently known or very much like those 
described, it has seemed unnecessary to consider them in detail. Most of them, 
as for instance the Com, Eaton, B. W. Belt, and Old Dad mines and prospects in 
Crittenden County, the Burns and Ferral in Livingston County, and the Satterfield, 
Stone, Lowery, Ray, and Bright prospects in Caldwell County, are promising, and 
some doubtless will prove to be valuable properties. Some very encouraging pros- 
pects occur also in the areas shown on the general map (p. 22) , but are not included 
in the map locating the mines. The most notable of these are the Beard and other 
prospects, on or adjacent to the Larue fault, on either side of the Marion and Cave 
in Rock road. 
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Crittenden Mining Company, work of 202 

Crittenden Press, publication by 19-20 

Crittenden Springs, fault near 84 

mines near 204 

rocks near 43-44 

section near 40,42 

Crooked Crpek , fossils from , plate showing 58 

prospects on 82 

Crosson Cave prospect, barite at 127 

description of 202-204 

intersecting faults at 130 

location of 83 

sections of 203 

Cullen, Robertson, and Conway, property of 163 

Ciunberland River, rocks on 52 

section near 61 

Cumings, £. R., limestone named by 30 

Cypress Creek, rocks on 52,54 

Cypress sandstone, character of 38,53-54 

comparison of Mansfield sandstone and 68 

correlation of 24 

fossils of 54 

name of 54-55 

occurrence of. 54,78-98,162,174,191,193,195,196,205 

Cypricardella oblonga Hall , occurrence of 48 

Cypricardinia indianensi's Hall, occurrence of. 48 

Cystelasma quinqueseptatum, occurrence of 42,43,47 

quinqueseptatum, plate showing 46 

rugosum, occurrence of 47 

Cystodictya major Ulrich, occurrence of 33 

sp. , occurrence of 47 

D. 

Danaeites macrophyllus (Newb.) Lx. , occiirrence of . . . 69 

Deer Creek faults, location and character of 98-99 

Deer Creek Mining Company, work of 205 

Deer Creek Valley, rocks in 51 

Depth, relative abundance of minerals and, relations 

Ijetween 149-1.50 

Derbyshire, lead mines of, comparison between Crit- 
tenden County mines and 17-18 

Development, history of 16-21 

Devonian rocks, character and occurrence of 22,24,25 

Dichocrinus simplex Shumard , occurrence of 33 

Dichotrypa flabellum ( Kominger) , occurrence of 30 

Dlelasma formosum Hall, occurrence of 30,33,45,48 

turgida Hall, occurrence of 30,33,45,48 

Dikes, detailed descriptions of 101-105 

effect of 100-101 

occurrence and character of. 99-105 

relative age of faults and 101 

Dfller, J. S.,on mica-peridotite 99-100,104 

Dodd shaft, location of 96 

Dollarson Creek, faults on '. 96 

Dollarson faults, location of 91,95,96 

Domes, occurrence of 71 

Downeys Blull, 111., dike and fault at 101 

fossils from, plate showing 46 

Drainage, underground, results of 16 

Drescher open cut, description of 175 

hydrozincite in 123 

location of 165 

silver at 122 

Drilling, uselessness of 157 

Dycusburg, fault at 93 

Dycusburg Lead Company, work of 188 
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Dyers Hill Church, rocks at 52 

Dyers Hill fault, location and character of 79 

E. 

Eagle Fluorspar Company, fluorspar ground by 117 

mill of 119 

property of 186 

work of 187,193,198,202 

Eaton fissure, location of 85,99 

Eaton mine, future of 207 

Ebby Hodge mine, description of 193-195 

diagram of 194 

location of 86, 191-192 

Echinodermata, occurrence of 56 

Eddy Creek, Ky. , rocks near 50 

Eddy Creek fault, location and character of 91,93-94 

Eddyville, Ky., fossil from, plate showing 32 

Emmons, S. F., on fluorspar veins 133, 150-153 

on Illinois fluorspar 20, 122 

on paragenesis 144 

Engelmann, Henry, investigation by 18 

on Chester group 24 

on Cypress sandstone 54 

on St. Louis limestone 36 

sandstone named by 23 

Engelmann and Worthen. See Worthen and Engel- 
mann. 

Enou, rocks near 66 

Enrichment, secondary, question of 150 

Eotrochus concavus, occurrence of 56 

Eremopteris macilenta (Lx.) D. W., occurrence of 69 

Erosion, results of 16 

Eumetria marcyi vera, occurrence of 48 

marcyi vemeuUana, occurrence of 48 

vemeuilana Hall, occurrence of 33 

Euomphalus sp., occurrence of 33 

Eureka fault, intersection of Columbia fault and 130 

mines on 165 

ores of 155 

Evening Star fault, location and character of 8.3-84 

Evening Star group, description of l»i-199 

diagram of 197 

Evening Star mine, concentration plant at 1 19-120 

description of 197-19^ 

location of M 

ore at 120 

Excelsior lode, location of 195 

Exploration, history of 16-21 

F. 

Fairview, 111., galena and fluorspar nedr 18 

Fairview fault, character and location of 77-78 

mine on 207 

Faulting, character of 35 

evidence of 156-157 

occurrence and results of 16,22 

Faults, age of 75, 101 

character of 72 

depth, length, and throw. of, relations of 132-133 

descriptions of 75-W 

listof 76 

mineral deposits along 129 

strike of 73-75 

subdivisions of 73-75 

tracing of 72-73 

Fenestella cestriensis Ulr. van, occurrence of 47 

elevatipora Ulr. var., occurrence of 47 
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Feneetella flexuosa Ulr. var., occurrence of 47 

plate showing 34 

serratula Ulrich, oocurrenoe of 30,33,45,47 

tenax Ulrich, occurrence of 45,47 

Fenestellidse, oocurrenoe of 35 

Feneatralia st. ludovici Prout., occurrence of 30,33 

plate showing 34 

Ferrall mine, future ol 207 

Ferruginous sandstone. See Cypress sandstone. 
Fissure veins. See Veins. 

Fistulipora spergensis Kominger, occurrence of 30 

sp.. occurrence of 47 

Flanary dike, faultat 102 

fluorspar n^ar 102 

location and character of 98, 101-102 

mica-peridotite from, character of 104-105 

Flanary silver mine, location of 101 

Flat Rock Church, rocks at 66,67 

Flinns Fork, faultat 95 

rocks on 35 

Fluorite, character of >- 124-125,127 

color of 125-127 

main dependence of district on 154 

occurrence of 152, 162. 163, 165, 167-173, 

175-176, 182-195-196, 198-199,201-203,205-206 

replacement by 137,139,142-143 

diagram showing 182 

source of 150-154 

8i)ecinien8 of, view of 134 

weathering of 145, 147-148 

Fluorite and galena, banded, view of 134 

Fluorspar, grades of 118 

occurrence of 15, 115-116 

production of 116-1 18 

uses of 118 

Fhiorspar mining, development of 20-21 

Fohs, F. Julius, fossils collected by, plate showing 58,64 

Investigations of 21, lai, 158, 179, \m, 204-205, 207 

on Columbia mine , . 170 

on Flanary dike 102 

Folding, occurrence of 99 

Forchhammer, J. G., on contents of sea water 151 

Formations, table of 24 

Fort Payne chert, equivalent of 28 

Fossils, occurrence of 26,33,36,56 

plates showing 32, 34, 36, 58, 64 

Fractures, horizontal, occurrence of 136 

Franklin, Lorson, work of 200 

Fredonia, rocks near 50 

Fredonia fault, location and character of 91,97 

Fredonia oolitic limestone, character of 40 

correlation of 24 

fossils from, plate showing 46 

occurrence of 39^0 , 44 , 52, 83, 94 

Fredonia Valley, faults near 90 

Friendship, fault at 94 

fluorspar near 94 

Friendship fault, location and character of 91 

Fuchs and De Launay, on calamime 141 



Galena, assay of 122 

cementation by 137 

character of 121-122 

occurrence of 134, 162, 165, 167-170, 173-1 75, 

182-1 W, 186, 188, 190, 193, 19^^-198,200-202,205-207 
production of 116 
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Galena, replacement by 137, 139 

silver in 17,18,115,121-122 

weathering of 145, 147 

Galenite. See Galena. 

Geography of district 15-16 

Geologic history of district 16 

Geologic structure. See Structure, geologic. 

Geologic work, recent, summary of 21 

Geology, stratlgraphlc, of region 22-70 

Givens mine, relations of com fault to 79 

Givens prospect, kaolinite in 128 

wad in 1 28 

Gladstone, rocks near 62 

Glass, Henry, work of 176,188 

Glass, Henry, James, and Thomas, lease of 169 

Glass shaft, location of 175-^76 

Glendale Church, prospect near 103 

Glendale fault, character and location of 80. 82 

Gl5T)topora michelinia ( Prout) , occurrence of 30 

punctipora Ulrich, occurrence of 47 

Golconda, 111., rocks at 62 

Golconda mine, miea-perldotite from 104 

Good Hope vein, work on 18 

Grassy Creek shale, equivalent of 24 

Greenockite, character of 123-124 

origin of 146 

Grinding, work of 119 

Guill mine, description of 201-202 

location of S3 

paragenesis at 144 

H. 

Hall, James, limestone named by 24 

on Spergen limestone fossils 2<t 

Halliday and Green, work of l»ii» 

Halonia sp., occurrence of ».'• 

Hampton, fault near 7^ 

rocks near 7v 

Hard dike, location and character of i(rj 

mica-peridotite from, character of li>4 lo*. 

Hardin Coimty, Til., dome in 71 

geologj' of, report on in 

rocks in 2.'., 20. 27, 4i >. 44, v,. '.i«. 

stratlgraphlc geologj' of _L' 

Hardins Knob, rocks in and near (i*i. r.7. ♦..» 

Harrodsburg limestone, equivalent o{ 21, > 

Hayes, C. W., letter of transmittal by 

Haywood prospec't, loea t ion of sj 

Hemltrypa proutana ririeh. (Kcurrence of :{<), ,>:< 

plate showing M 

Henderson Company, property of 2ti.'. 

Henry County, Ky. , parapMiesi.s in 144 

Henry Hodge prospect, description of \<>.'> 

Hicks. 111., rocks near m 

Hicks Branch, rocks on 2". 2»' 

Hills, origin of !♦■ 

Hodge fault, comparison of Lowrry-Marhle fissnns 

and '.'_ 

location and character of v7-vs 

mines on iv. 

Hodge group, description of r^l- !'•" 

diagram of Im 

Hodge mine, calcite in i ' 

description of I'J 1" 

diagrams of l'. 

fluorite in I i 

location of n\ 
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Hodge mine, vein of, width of 131 

views of and at 120 

Holly faults, location and character of 82, 97-98 

Holly mine, chalcopyxlte in 124 

fluorite and calcite in 150 

location of 98 

Holly vein, location of 102 

Holopea proutana, occurrence of 56 

Hooper pneumatic system, use of 119 

Hopkins and Siebenthal, on Spergen limestone 30 

Hopkinsvllle, Ky., rocks near 44 

Hudson mine, d^crlption of 201 

location of 83 

Huron formation, equivalent of 24,66 

Hurricane Creek, dike at 103 

Hurricane fault, description of 97 

Hydrocarbon compounds, character oi 128-129 

Hydrozincite, character of 123 

occurrence of 177 

plate showing 122 i 



IgneouB dikes, occurrence of 

Illinois, deposits in 

investigations in 

Irma, rocks near 

Iron, occurrence of 

Iron, hydrated sesquioxide of. See Limonite. 
Iron disulphide. See Pyrite; Marcasite. 
Iron Hill, Ky. , rocks at 



15 
15 
21 
31 
17 
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Jackson, Andrew, company headed by, work of. 115,165, 169 

Jasperoid, definition of 140 

Johns shaft, description of 200 



Johnson County, HI., rocks in. 

Jones prospect, location of 

Joy, Ky. , fault near 

rocks near 



54 

81 
78 
60 



Kaolinite, character of ' 128 

occurrence of 148, 184, 188 

Kaskaslda limestone, divisions of 24 

occurrence of 60 

Kentucky, faults in, map shoeing 19-20 

investigation in 21 

Kentucky Fluorspar Company, development by . . . . 116, 161 

fluorspar ground by 117 

property of 119, 164 

work of 185, 187, 206 

Kentucky-Illinois fluorspar district, formations of 24 

future development of 154-157,207 

geologic map of 14 

location of 15 

map of 116 

Keokuk limestone, equivalent of 24 

Keyes, C. R., on Aux Vases sandstone 55 

on Ste. Genevieve limestone 52 

Keystone Mineral and Mining Company, work of 205 

Keystone mines, description of 205-206 

Kinderhook group, character of 24, 28 

Kindle, E. M., on Orange County, Ind., rocks 67 

King prospects, location of . : 89 

Klondike mine, description of 164-165 

horizontal fractures at 136 
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Ellondike mine, iron sulphide in 139 

section of, diagram of 164 

Knobstone formation, equivalent of 24,28 

Kunz, O. F., on fluorite 152 



Lady Farmer mine, description of 205 

Lanham mine, description of 176 

ore of 144 

zinc production of 116 

Larue fault, promising prospects on 207 

location and character of 72,81-S2 

Latrobe fault, location and character of 80 

Lead, comparative unimportance of 155 

mining of '. 20-21 

occurrence of . '. 15, 115, 160, 176 

production of 116 

source of 164 

Lead, carbonate of. See Cerussite. 
Lead, chloride of. See Pyromorphite. 
Lead, orthophosphate of. See Pyromorphite. 
Lead, sulphide of. See Galena. 

Lead Hill, 111., rocks near 40 

Leases, character of 118 

Leperditia carbonaria Hall, occurrence of 48 

Lepidocystis vesicularis Lx. , occurrence of 69 

Lepidodendron, occurrence of 6fr-67 

clypeatum Lx. , occurrence of 69 

Lepidophloios cf r. laricinus Stemb. , occurrence of 60 

Lepidostrobus pennsylvanicus D. W. , occurrence of . . 69 

Levias, faults near 84,99 

mica-peridotite near 104 

Lindgren, W. , on replacement 140 

Limestone, analyses of 152 

silidflcation of 139 

Limestone, seamed, plate showing 122 

Limonite, character of 124 

occurrence of 187 

Lioclema araneum Ulrich, occurrence of 47 

Literature, review of 16-20 

Lithostrotion, occurrence of 28 

harmodites Ed. & H. , occurrence of 42,43,47 

plate showing : 46 

(? Lonsdaleia) canadense Castleman, occurrence of. 33,35 

plate showing 32 

(? Lonsdaleia) proliferum Hall, occurrence of 30,33 

plate showing 32,34 

Livingston Chapel, rocks near 70 

Livingston Chapel fault, extension of 93 

location and character of 90,97 

Livingston County, Ky. , deposits in 1 15 

geologic map of 22 

mines of, descriptions of 159 

rocks in 27, 36, 51 , 60, 62, 65, 70 

step faults in 98-99 

Lola, fault near 98 

rocks near 70 

Lola fault, location and character of 78 

Lola Valley, rocks in 51 

Lone Star shaft, description of 204 

Lonsdaleia, occurrence of 28 

See also Lithostrotion. 

Loughridgc, R. H., on Kentucky geoiogy 71 

Lovelace shaft, description of 193 

location of 88, 191 

silver in 122 
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Lowery fiasure, location and character of 92 

Lowery-Marble fissures, comparison of Memphis and 

Hodge fractures and 92 

Lowery mine, barite in 135 

f utu re of 207 

location of 103 

Loxonema sj)., occurrence of 48 

Lucile mine, location of 86 

rocks in 130 

Lyon, S. S., investigation by 17 

Lyon County, Ky., deposits in 15 

rocks of 27, 35 

Lyroposa, occurrence of 63 



McBride shaft, location of 167 

McDowell mine, underground workings of, figure 

showing 141 

Kinc produced by 116 

McGowan, fault at 94 

prospects near 94 

rocks near 50 

McGowan fault, location and character of 91, 94 

Macrodon sp., occurrence of 48 

Madrid prospect. e\idence of 79 

Major Clemens shaft, description of 140, 1(>7-1(»S 

IfK'Htion of M 

paragenesis at 144 

Malachite, character of 124 

Manganese, oxides of. See Wad. 

Mann mine, fault at 78 

underground workings of, figure showing 141 

zinc, production of 116 

Mansfield sandstone, character of 60-68 

comparison of Cypress sandstone and 68 

correlation of , 24, 70 

fossils of 6S-09 

name of 70 

occurrence of 24, «>-70, 77 M, S6, Ks, iM-9S 

Map of Kentucky fluorite district no 

Map, geologic, of Crittenden. Livingston, and Cald- 
well counties 22 

of Kentucky-Illinois fluorite district 15 

Marble fissure, location and charactor of <>2 

Marble mine, chalcopyrite in 124 

concentration plant at 1 19-I2t) 

kaollnite in il's 

panigencsis at 144 

Marcasite, character of 124 

replacement by i:w i:w 

Marion, fossils from near, plate showing ."VS, 64 

milling plant at 110,119 

prospecting near s^ 

rocks near 60, 62, 102 

section near 42 

Marlon fault, location and character of 85-87 

mine on 2()6 

Marion Mineral Company, work of 1S8 

Marion Zinc Company, property of in.'. 

Mary Hollo mine, description of 175-170 

production of 175 

washer at. view of i ih 

Mary Franklin mine, paragenesis at 144 

Matthews fault, location and character of 92 

Matthews mine, description of I8.s 

locution of Ml 

Mayes d: Wilson prosp«H*t. description of ir.7 

quart/.ito from, plate showing l.o 
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Meekopora, occurrence of 63 

Melonites, occurrence of 33, 35 

plate showing 34 

crassus Hambach, occurrence of 33 

multiporus O. & N., occurrence of 33 

plate showing 34 

Memphis faults, comparison of Lowery-Marble fissures 

and 92 

location and character of 85 

Memphis group, description of 161-165 

diagram showing 161 

history of 160-161 

rocks in 161-162 

Memphis Lead Mining Company, development by 160 

Memphis mine, calcite in vm 

description of 130, 160- HW 

fluorspar from 20, 150 

opening of 115 

Memphis vein, character of 134 

course of, figure showing 132 

length of 1^2 

Meramec group, occurrence and character of 2i-24, '2H-:i6 

veins In 1.30-131 

Mesoblastus glaber M. 4; W., occurrence of 47 

gla her M . & W., plate showing ,",.s 

Mexioo, iirospects near iki 

Mica-perldotite, analysis of 151 

character of iHt-Kio 

int rusion of 10.<- im 

occurrence of <M)-\iH), 17<). I'^i 

swtion showing UM 

Michelinia eugenoic princetonensis. (Hnirroiuo of 47 

eugenea- princetonensis, plate show iii^' 4». 

subramosa. occurrence of 4J, 4 k 47 

plate showing :n 

Miller. S. A., on Cystolasnia 4f 

Miller fault, clmnu'ter of si 

hK-ation of so, *^I,"^ 

Miller mine, hx-ution of vj 

production of lit. 

Milligan pros])ect. location of ^i 

Mills, character of ] i-. 

Minerals, paragenesis of i-j.; w 

relative abundjiiK'i' of. at varyin*: drjiths I }■• I'n 

Minos, descriptions of. I>y count it > i "> i(.' 

detailed dos( riptionv of iw .i'7 

general con«iiti<»ns of ii,(i 

Mininp. history of iti ji, li.". lu. 

methods (»f lis \-2\\ 

Mississi))])i Valley lojtd and zinc lirMs. fiiilcn^iicc' hr- 
twooii Kontucky-llliiiniN divtrici and n-vt 
of l-.u- 

Missi.ssippiun r(H'ks. eliaractcr of ji 

Mitchell limestone. oqniN a Irni <-f _>; 

Modiola illinoisrnsis Wortlim. uit urn iicr <-i' js 

sp., (K'cnrnMici' of .-n 

Molluska. occnrreni'o of ;, ; 

Monilopora near cnissa, (Hcurrnicc ol 

Moodie. F. B.. \v<»rk of 

Moore prosprct. l(K'ati(»n of v 

Morninp Star niin«'. doscription «'f . . . . :-^ " 

l(H*ation of v- 

Morse shaft, description of 

l(»cation of ^ 

M(»sclcy shaft. N\ork on . . i^^ 

Mount Zion Chiircli. ininc^ near _■ .' 

rocks nca r 

Mnllin's vein. Work on > 
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Murchisonia attenuata, occurrence of 56 

tunitella, occurrence of 56 

Hyalina sancti-ludovicl Worthen, occurrence of 33 

Myers, William, property of 185 

Hyere prospects, barite in 135 

description of 185 

location of 180 

N. 

Nancy Hanks shaft, chalcopyrite in 124 

description of 199 

location of 84 

section of 1 98 

Naticopsis carleyana, occurrence of 56 

sp. , occurrence of 33, 48 

Nautilus sp., occurrence of 61 

Neuropteris cfr. Schlehani Stur, occurrence of 69 

New Albany shale, equivalent of 24, 28 

New Jim mine, description of 16&-ie9 

development at 116 

location of 84 

similarity of Columbia mine and 168 

Newklrk shaft, fluorite in 184 

location of 180 

Nickel, occurrence of 128 

Norwood, J. G., on Big Clifty sandstone 54-55 

on Columbia fault 170, 175, 176 

on Kentucky fluorspar 18-19, 122, 150 

on lead region 130, 132 

on Memphis mine 164 

on paragenesis 144 

on Riley group 195 

on Rosiclare lead mines 18 

on Royal mines 199 

on Ste. Genevieve limestone 24 

Nucula shumardana illinoiscnsis, W., occurrence of 48 

Nuculana nasuta Hail, occurrence of 48 

O. 

Ohara limMtone, character of 41 

correlation of 24 

occurrence of 39-40,43-44,52,83,88, 162,204 

Ohio River, rocks on 35 

Ohio shale, equivalent of 22 

occurrence and character of 25 

Ohio Valley Mhiing Co., work of 207 

Oka w River, 111. , fossil from, plate showing 34 

Old Dad mine, prospects of 207 

Old Jim dike, location and character of 103 

Old Jim mine, ankerite in 128 

cross section of 179 

description of 20, 176-180 

diagram, of 177 

hydrozincite in 123 

mica-peridotite from 104 

open cut at, view of 176 

ore from, assays of 177 

pyrite and marcasite in 124 

replacement in 138 

sink hole at, cross section of 179 

• sphalerite in 123 

view of 176 

washer at 120 

zinc in 116, 177 

Old Silver mines. See Royal mines. 

Oolite, analyses of 152 

Orange County, Ind., rocks of 67 
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Ore deposits, character of 121-157 

genesis of 150-154 

occurrence of, modes of 129-140 

relations of country rock and 148-149 

weatherini: of 145-148 

Ores, breccias cemented by, character and description 

of '. 129,136-137 

metasomatic replacement of 129, 137-143 

below bolt of weathering 137-140 

by sphalerite 137-138 

in belt of weathering 140-142 

in relation to,fluorite deposits 142-143 

Orthonychla acutlrostre Hall, occurrence of 48 

Orthotetes kaskaskiensis McChesney, occurrence of . . . 47 

Osage group, character of 24,28 

Otter Pond, Ky., fault near 91 

Owen, D. D., on Columbia mines 160 

on lead deposits 17, 122 

Owens Cave Mining Company, work of 200 

P. 

Paducah, Ky., fault reported at 71 

Page and Krausse, work of 169 

Palffiacls cuneiformis Edwards and Haime, occurrence 

of 33 

Pelecypods, occurrence of 5(»,63 

Pell vein, discoverj' of * 18 

Pennsylvanian rocks, character of 24 

Pentremites, plate showing 64 

cavus Ulrlch, occiurence of 33 

plate showing 34,58 

conoideus? Hall, occurrence of 30,33, 47 

plate showing 58 

florealls schlothelm, occurrence of 42,47,50 

plate showing CS 

f ohsi 63 

plate showing 64 

var. marionensis. plate showing 64 

godoni ? De France, occurrence of 38, 47, 54, 63 

plate showing .58,64 

obesus 63 

plate showing 64 

pyramidatus. plate showing 64 

pyriformis Say, occurrence of 59 

plate showing 58 

sulcatus 61 

Peter, Ro))ert, analyses by 17 

on Kentucky galena 122 

Petroleum, Indications of 128-12iJ 

Phillips and Louis, on calamine 141 

Pickering Hill, rocks on 62 

Pierce prospect, description of 201 

location of 83 

Pigeonroost Creek, rocks on 95 

Pinckneyvllle, Ky., faults near 74 

mines near 195 

Ptney Church, faults near 96 

Plney Creek, rocks on 95 

Pittsburg fault, location and character of 80-81 

Pittsburg Mining and Reduction Co., work of 201 

Platycrinus huntsvillse (Troost?) W. and S., occur- 
rence of '. 42,47,50 

huntsvillffi (Troost?) W. and S., plaie showing 58 

Pleurophorus minima Worthen, occurrence of 48 

sp., occurrenw of 48 

Pleurotoma ria elegantula Hall ?, occurrence of 48 

meekana, occurrence of ^ 56 
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Veins, fluorspar in 17-18 

length and depth of, relations of 133 

occurrence ol 149 

ores In 129 

structure of 135-136 

width of 131 

Veins en Echelon, occurrence of 130 

Vicksburg, fluorite near 83 

rocks near 65 

View, mine near 206 

rocks near 44, 51 , 53-54, GO, 103 

section at 40 

View dike, location and character of 103-104 

mica-peridotite from, character of 104-105 

W, 

Wad, character of 128 

Walker dike, location and character of 100, 102 

Walker shaft, location of 102 

Walton, Joseph, development by 160 

Waring, W. (t. , analysis by 12S 

on zinc sulphate 154 

reaction noted by 146 

Waring d: Son, assays by 177 

Warsaw fauna. See Si)ergen Hill fauna. 

Washer, gravity, description of 120 

view of 118 

Washer, log, description of 120 

view of 120 

Water in concentrating, use of 119 

Watkins open cut. description of l&J 

location of 14 

Waverly sandstone, equivalent of 2S 

Waverlyan rocks, character of 24 

Weathering of ore deposits. etTects of 145-14S 

Weathering, belt of, replacement below 137-140 

belt of, replacement in 140-142 

Welsendorf,. fluorite from, color of 125 

Western Kentucky Mining Company, proiwrty of 18.> 

work of 161^170, ia3 

Western Tube Company's mine. Im-ation of 27 

Weston, rocks near 69 

Wheeler mine, description of iKVlsi] 

location of ISO 

pyromorphlte in 122 

White . David , fossils determined by (»0 
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White (L. F.) mine, description of 206 

Whitfleld, R. P., on Spergen limestone fossils 29 

Whitney.J. D, analysis by 18 

on lead region 122 

Wilson, George, on fluorite 150 

Wilson & Dean prospect, description of 163-164 

section of, figure showing 164 

Wilson shaft, chalcopyrite in 124 

malachite in 124 

Winslow and Robertson, analyses by 151-152 

Woods fault, location and character of.-. 86-87 

Woods shaft, description of 19"i 

location of X7 

Woods (Henrj') shaft, vein at 132 

Worthen, A. H. , on Chester formation 24 
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